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FOREWORD 

In preparing this Handbook, the TOPEX Radar Altimeter Flight User's Guide (Draft) was used 
liberally. The User's Guide is dated January 1990, and was produced by the Applied Physics 
Laboratory of Johns Hopkins University. 
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1.0 INTRODUCTION 

The user inteifaces with the TOPEX radar altimeter by using commands telemetered to the 
TOPEX/POSEIDON spacecraft. The altimeter software interprets the commands to attain the user- 
desired operating state and, when sufficient time is allotted between commands, the commands are 
echoed in the telemetry from the spacecraft to the ground. The form, syntax and timing of these 
commands is crucial to the proper operation of the altimeter. 

Commands are transmitted to the spacecraft by the Flight Control Team of the Flight 
Operations System (FOS) at JPL. The FOS also monitors the realtime perfoimance and health of 
the spacecraft and sensors. 

The TOPEX altimeter accepts two types of commands from the spacecraft: discrete 
commands and serial digital commands. Discrete commands open and close relays to control the 
supply of spacecraft power to parts of the altimeter and to override some fault detection circuitry. 
Serial digital commands supply data to the altimeter to open and close inteinal relays, to change the 
mode/operating state of the altimeter, or to change the value of some operating parameters or the 
programmed algorithms. 

Serial digital commands are received on a seiial interface and are routed inteinally to the 
Interface Control Assembly (ICA), the Adaptive Tmcker Assembly (ATA), and the Power 
Subsystem. 

The ICA commands perform the following functions: 

Reset the ATA processor 
Identify the reset type for the ATA 
Write protect/Unwrite protect blocks of ATA memory 
Enablddisable the watchdog timers 
Identify the ATA command mode for the ATA 
Protect the RF subsystem from bad commands while the processor 

initializes 

The ATA commands perform the following functions: 

Change the altimeter operating mode 
Change some operating parameters 
Reprogram the ATA processor 

The Discrete Commands open and close internal power relays, and relays that oveiride 
current and fault protection circuitry. 

The purpose of this document is to identify the altimeter commands, define their functions, 
and provide supplemental supporting mateiial. 
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2.0 OPERATIONAL CONSTRAINTS 

There are 32 form and sequence constraints when sending commands for the TOPEX 
altimeter. The constraint titles are listed below, followed by a Flight ConstraindRule (FCR) for 
each. 

FCRNo.  1 

FCR No. 2 

FCR No. 3 

FCR No. 4 

FCR No. 5 

FCR No. 6 

FCR No. 7 

FCR No. 8 

FCR No. 9 

FCRNo. 10 

FCR No. 11 

FCR No. 12 

FCR No. 13 

FCRNo. 14 

FCRNo. 15 

FCRNo. 16 

FCRNo. 17 

FCR No. 18 

FCR No. 19 

FCR No. 20 

FCR No. 21 

FCR No. 22 

FCR No. 23 

Altimeter Side A or B Turn On 

ALTBSALT Operations Must Not Be Simultaneous 

Applying Spacecraft +28V to Altimeter 

Echoing of Multi-Word Commands 

Execution of a Multi-Word Command 

Multi-Word Command Mode Continuity 

Input Bus Voltage Operational Limib 

LVPS "ON" Command 

Enable MTU +28V Piior to LVPS ON 

No Science Data Available Duiing Memoiy Load 

Power-On Reset 

Requirement for Primary Channel Select Command 

Minimum Time Intervals Between Cominands Within a Multi-Word 
Command 

Minimum Time Intervals Between Single-Word Commands 

ICA Command Following Power ON Reset 

MTU Side Selection 

28V MTU Timing Constraint 

C-Band Amplifier Gate Enabling 

Disable RF Gating Prior to Commanding TWTA Beam ON or  
CSSA ON 

Signal Dwell Duiing EMC Testing 

Avoid Exposure of ALT to High Levels of Electromagnetic Energy 

ALT Minimum Time in Vacuum Piior to Power Up 

ALT Status Duiing Theimal Vacuum Pump Down and Spacecraft 
Acoustic Testing 
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FCR No. 24 

FCR No. 25 

FCR No. 26 

FCR No. 27 

Low Voltage Power Supply Mode 

Altimeter "OFF" Requirement 

Watchdog Test Command of an ICA Command 

Do Not Fully Power the TWTA During Spacecraft-Level Dynamic 
Environments 

Altimeter will be OFF During Launch FCR No. 28 

FCR No. 29 FRU Warmup 

FCR No. 30 

FCR No. 31 

FCR No. 32 

Additionally, there are two command-sequence operating rules: 

1) 

Mode for Non OPs 

S/C Attitude for Normal OPs 

Minimum Time Interval After an ALT Memory Change 

If a command-transmission problem occurs within a Satellite Activity Block, restart the 
Block. 

If there is a transmission failure duiiiig a multi-word command sequence, the recovery 
involves two possible scenarios: 

2) 

a. 

b. 

If the last command sent can be ascertained, resume the multi-word commanding 
from that point onward, regardless of the length of the time gap. This presumes that 
there has been no other commanding in the interim. 

If the last transmitted corninand cannot be deteimined, the steps are to a) reset to 
single-mode commanding, and b) then reinitiate the entire multi-word command 
sequence, including memory addresses and the multi-word commands. 

For a memory load, if just the Commands within the multi-word command are 
reinitiated, they will be appended to whatever was previously loaded. 

For a parameter load, the software anticipates only a preset number of N 
commands, and it will assume that the Nth command is the file checksum, and will 
return error messages for the remaining parameters. 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Rationale: Receiver damage may occur if one side receives while the other is transmitting. 

Exception Provisions: None 

Means for Implementing Constraint: Inclusion of constraint in  command sequences. 

I 
I 
I 
1 
I 
I 
I 
I 

Title: Altimeter S ide A or B Tuin On No: 1 

(Tesmight) 
Constraint: At no time shall both sides of the altimeter be “ON” simultaneously. 

Rule: Always precede an altimeter side ON command with an OFF command for the other 
altimeter side. 

Author: 

Approved by: 

Date: 

Date: 

I 
1 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Title: ALT/SSALT ODerations Must Not Be Simultaneous No: 2 

(Test/Flight) 
Constraint: SSALT must remain unpowered unless the ALT is in the IDLE or OFF mode. 

Rule: Do not power SSALT when ALT is operating in other than IDLE mode. 

Rationale: Physical damage will most likely occur to SSALT. 

Exception Provisions: N o n e  

Clleans for Implementing Constraint: Send SSALT OFF Cmd before commanding NRA 
?om OFF or IDLE to any other mode. 

Author: 

Approved by: 

Date: 

Date: 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Title: AD plvin? Suacecraft +28V to Altimeter No: 3 

(Test/Flight) 
Constraint: Anytime the +28V power relay to the ALT is switched ON, including recovery from 
SAFE HOLD, all ALT Power relays must first be commanded OFF and protection circuitry must 
be enabled. 

Rule: Prior to commanding the S/C 28V power ON issue the following commands: 
ACSSAOFF, ATWTAOFF, AMT280FF, ALVPSOFF, ABEAMOFF, AHLOTON, ATCOTON, 
ALVPSFEN, ACCOTON, IMAAAOFF, BCSSAOFF, BTWTAOFF, BMT280FF, BLVPSOFF, 
BBEAMOFF, BHLOTON, BTCOTON, BLVPSFEN, BCCOTON, IMAABOFF. 

Rationale: Avoid excessive current surges. 

Exception Provisions: Voltage/current protection commands, N B  LVPSFEN, A/B 
-ILOTON, A B  TCOTON, A/B CCOTON may be omitted with prior approval of ALT authority. 

deans for Implementing Constraint: Incorporation of the above commands in a sequence to 
)e followed each time power is applied. 

Author: Date: 

Approved by: Date: 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Title: F,choinP of Multi-Word Commands No: 4 

(Test/Flight) 
Constraint: 
Command prior to sending the subsequent Single-Word Command. 

Allow a minimum of 2.000 seconds times the number of words in the Multi-Word 

Rule: For multi-word command telemetry echoing, ensure that there is a minimum of 1.024 
seconds times the number of words in the command piior to sending the subsequent single-word 
command. 

Rationale: The entire multi-word command will be echoed in the engineering telemetiy only if 
the interval between the last word of the multi-word command and the next ICA command 
returning the ATA to single-word command is greater than 1.024 seconds Limes the number of 
words in the multi-word command. At shorter intei-vals, the entire multi-word command will not 
be echoed. 

Exception Provisions: If echoing of commands in TLM is not required, constraint can be 
ignored. 

Means for Implementing Constraint: Utilization of proper operational procedures. 

Author: Date: 

Approved by : Date: 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Title: Execution of a Multi-Word Command No: 5 

Constraint: For proper execution, a Multi-Word Command must be followed by an appropriate 
ICA command. An appropriate ATA single-word command must then follow, except in the case 
of a memory patch. 

Rule: Always follow a multi-word command with an appropriate ICA command to  return to 
single-word command mode. Except after a memory patch, the ICA command is to be followed 
oy an appropriate ATA single-word command. 

Rationale: After a multi-word command has been loaded, it is executed only by either of the two 
jingle-word commands: "Execute Multi-word Command Buffer" or "Relocate Command Buffer. It 
Sending the wrong single-word command will negate the multi-word load. 

4 memory patch does not have to be executed. 

Zxception Provisions: None. Unless, for some reason, it is not desired to properly execute 
he multi-word command. 

vleans for Implementing Constraint: Utilization of proper operational procedures. 

Author: Date: 

Approved by: Date: 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

-Constraint: Do not return to Single-Word Command mode until after the Multi-Word Command 
is completed and proper single-word command has been sent. 

Rule: The entire multi-word command must be loaded in Multi-Word Command mode (bit 11 of 
the ICA command word must remain = 0). 

Also see TOPEX Flight ConstraindRule #5 - Execution of a Multi-Word Command. 

Title: Multi-Word Command Mode Continuity No: 6 

Rationale: Returning to Single-Word Coinmand mode within a multi-word command terminates 
the multi-word command. The entire multi-word command will not be loaded or executed. 

Exception Provisions: Except for emergency, with approval. 

Means for Implementing Constraint: Utilization of proper operational procedures. 

Author: Date: 

Approved by: Date: 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Title: Input Bus Voltage Ooerational Limits No: 7 

(Test/Flight) 
Constraint: The bus voltage input to the NASA altimeter must remain within operational limits 
(+23 to +35V). 

Rule: Maintain the input bus voltage between +23 to +35 VDC. 

Rationale: Required for proper operation. TWTAbr LVPS may shut off outside of this range 
via self-protection features. 

Exception Provisions: Consul tation with and approval of ALT team. 

Means for Implementing Constraint: Utilization of proper operational procedures and 
monitoring of data. 

Author: Date: 

Approved by: Date: 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Title: LVPS "ON" Command No: 8 

(Testmight) 
Constraint: The satellite +28V power bus must be cycled OFF (unless already off), then cycled 
ON before issuing the LVPS ON Command. 

Rule: Recycle the satellite +28V power bus (turn off and then back on) before an LVPS "ON" 
:ommand is sent to the ALT: 

LVPS OFF 
SIC +28V OFF 
S/C +28V ON 
LVPS ON 

Rationale: When LVPS turns off, a transient trips the overcurrent protection circuitry. In order 
.o reset the overcurrent protection, the 28V power bus must be rnoinentaiily removed. 

Zxception Provisions: None 

vleans for Implementing Constraint: Incorporation o f  this constraint in the command 
)equence. 

Author: 

Approved by: 

Date: 

Date: 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

C 
Rationale: If the LVPS is commanded ON with the MTU +28V disabled, a current surge could 
occur, through the PSU exceeding the relay contact limits and tripping ofT the LVPS when the 
MTU +28V is next enabled. 

I 
I 

Title: Enable MTU +28V Piior to LVPS ON No: 9 

(Test/Flight) 
Constraint: The MTU +28V (side A or B as appropriate) must be enabled prior to an LVPS 
ON. 

Exception Provisions: None, except for emergency, with approval. 

Means for Implementing Constraint: Utilization of proper operational procedures. Normal 
turn-on sequence should be followed. 

Author: Date: 

Approved by: Date: 
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TOPEX/POSEIDON 
Advisory 

(Testmight) 
Constraint: Science data are not generated during an aliimeter memory load. 

Rule: Do not take actions based on science data when in memory load mode. 

Rationale: Memory uploading is perfoimed in IDLE mode. Science data are not generated. 
Engineering data will be available. 

Exception Provisions: None 

Title: No Science Data Available Duiing Memory Load No: 10 

Means for Implementing Constraint: N/A 

Author: 

Approved by: 

Date: 

Date: 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Title: Power-On Reset No: 11 

(Test/Flight) 
Constraint: Following a Power-On reset, all uploaded parameters and memoiy uploads are lost. 

Rule: Following a Power-On rese t, retransmit any uploads required for operalion. 

Rationale: Following a Power-On reset, the ilight software will reload all RAM tables from 
PROM and will begin executing the launch version of the 1lighl softwlu.e located in PROM. All 
uploaded programmable parameters and program segments are lost. 

Power-On resets occur: at each power up, when specifically commanded, or when an m o r  occurs 
md the ICA reset field is set to 00 (see Constraint #15 - ICA Command Following Power-On 
Reset). 

Exception Provisions: If operation under original launch version of software is desired. 

Means for Implementing Constraint: Monitor Power-On resets and reprogram as required. 

Author: Date: 

Approved by: Date: 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Title: Requirement for Primary Channel Select Command No: 12 

(Test/Flight) 
Constraint: The Primary Channel Select Command is required: 

1)  After an IDLE-to-STANDBY Transition 
2) After a Parameter Table Select Command 
3) After a C320 or ClO0 Select Command 
4) After leaving ClOO or C320 mode and returning to Ku or Ku/C 
5 )  After a side change 

Rule: Use the Primary Channel Select Corninand after any of the above conditions. It is required 
that MemBIk 1 be Unwrite Protected (ICA Cmd) before issuing the Primary Channel Select 
Command. 

Rationale: Required for proper operation. 

Exception Provisions: None 

Means for Implementing Constraint: Utilization of proper operational procedures. 

Author: Date: 

I Approved by: Date: 
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‘TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Title: Minimum Time Intervals Between Commands Within No: 13 
a Multi-Word Command 

(Test/Fligh t) 
Constraint: Successive multi-word commands must not be sent at intervals less than 56 ms. 

Rule: Allow more than 56 ms intervals between successive cominands within a multi-word 
zommand. 

Rationale: In the multi-word command mode, the commands are stored in a multi-word buffer, 
mtil the multi-word command is executed. If, however, successive individual commands within a 
multi-word command are sent at an interval less than 56 ms (longest nominal track interval), the 
prior command will be written over in the ICA. In this case, the command sequence will not 
:xecute as desired. 

Exception Provisions: None 

VIeans for Implementing Constraint: Utilization of proper operational procedures. Use of 
qo Op commands (DC02-CUNOOP) u e  required to maintain separation. 

Author: Date: 

Approved by: Date: 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Title: Minimum Time Intervals for Single-Word Commands No: 14 

(Test/Fligh t) 
Constraint: Allow a minimum of at least 2.000 seconds between ALT single-word commands 
and any other ALT commands, regardless of command type. 

Rule: Single-word commands to the altimeter shall be separated by at least 1.024 seconds, before 
md after any other ALT commands, regardless of cominand type. 

Rationa1e:In the single-word command mode, all new ATA commands are placed in a buffer and 
:xecution is delayed until just prior to the end of the cuixnt telemetry interval (- 1.0 152 seconds). 
f another command is received before the first is executed, the first may be overwritten. 

CA command timing is not affected by the flight software. However, if i t  is desired to see each 
CA command echoed in telemetry, they must  also be spaced at least 1.024 seconds apart. 

Zxception Provisions: Multi-word commands require only 56-ms intervals and  that a single 
wse of 1.024 sec x the number of commands be made piior to the next ICA command 
Constraint #13 - Minimum Time Intervals Between Commands Within a Multi-Word Command) 

CA commands may be sent faster but will be echoed only if the constraint is observed. 

deans for Implementing Constraint: Incorporation of the constraint in command 
equences. 

Author: Date: 

I Approved by: Date: 
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'Rationale: The processor deteimines the type of reset hy reading the reset type field of the last 
ICA command field. On power-up, all fields are initialized to 0. Unless the reset type field is 
changed by ICA command, all resets will be treated as power-on resets and, in the event of an 
error reset, the flight software will revert to its launch version, losing all uploads. See Constraint 
#11 - Power-On Reset. 

TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Ti tie: ICA Command Followinr! Power-On Reset No: 15 

(TesVFlight) 
Constraint: After power up, the ICA Reset Type Field should be set to Eiror Reset (1 1) and not 
returned to Power-On reset (00) without concuirence of the ALT authority. The ICA command 
which does this must also set ATACMD Mode to single-word mode and select MTU, power Amp 
Gating, transmit enable, write protection and reset controls. 

Rule: The ICA reset Type iield should be set to Eiror Reset ( 1 1) after power up and only 
changed to allow reprogramming (01) or to retuiii to operations from reprogram mode (10). Other 
fields should be set for operational requirements. 

Exception Provisions: Approval of ALT authority when it  is not desired to retain uploads. 

Means for Implementing Constraint: Sending proper ICA command immediately after 
power up or any power-on reset. 

Author: Date: 

Approved by: Date: 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Title: MTU S ide Selection No: 16 

(Testmight) 
Constraint: After the initial ALT power-on, 01- after commanding ALT from IDLE to STBY, 
toggle to the proper MTU side selection (Bit 10 of the ICA command word). 

Rule: After powering-on the ALT: 
If Side A is desired, toggle Side A, then Side B, and then Side A. 
If Side B is desired, toggle Side B, then Side A, and then Side B. 

After commanding from Idle to Standby: 
If Side A is desired, toggle Side B and then Side A. 
If Side B is desired, toggle Side A and then Side B. 

Rationale: After power-on, the switch toggling is perl'onned for proper indication of the side 
lowered. 

After transitioning from IDLE LO STBY, the LVPS voltage is Loo high in the IDLE mode to 
:ompletely set the side select feiiite switch in a high isolation state. Damage will not occur but 
dibration data may be compromised by leakage signal. 

3xception Provisions: None 

vIeans for Implementing Constraint: Incorporation of this constraint in command 

Author: Date: 

Approved by: Date: 

TOPEX NASA ALTIMETER OPERATIONS PROCEDURE 
September 1992 GSFC/Wailops Flighl Facility 

2-18 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
1 

1 
I 

TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Title: 28V MTU Timing - Constraint No: 17 

(Testmight) 
Constraint: Thirty seconds must have elapsed after the MTU +28V OFF Command prior to 
sending an LVPS OFF Command. 

Rule: Following a MTU +28V OFF Command, allow a minimum of 30 seconds prior to sendine 
an LVPS OFF Command. 

Rationale: When turning off the 28V, a voltage lingers on the capacilor in the Ferrite switch 
circuitry which will allow the MTU to switch to an unwanted position in response to turn-off 
transients from the signal processor. This voltage must be given time to bleed off. 

Exception Provisions: None 

Means for Implementing Constraint: Incorporate this constraint in the command sequence. 

Author: 

Approved by: 

Date: 

Date: 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

No: 18 Title: C-Band AmDlifier Gate Enabling 

rest/Flight) 
lonstraint: On an ICA Command, the Transmit Enable milst be ON whenever the C-Band 
ower Amplifier Gate is ON. 

:de: An ICA Command that enables the C-Band Power Amplifier Gate must also enable the 
'ransmitter. 

ransmit enable is ICA CMD Bit 8 ( 1  = Enable) 

Power Amp gate is Bit 9 (1 = Enable) 

.ationale: If the C-Band Power A m p l i k r  gate is enabled without also enabling the Transmitter, 
[ere will be a 19°C temperature rise in the channel amplilier which adversely affects parts 
:liability. 

xception Provisions: N o n e  

[ems for Implementing Constraint: Utilization of proper operational procedures 

I Author: Date: 
I Approved by: Date: 
I 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Title: Disable RF Gating Prior to Commanding TWTA 
Beam ON or CSSA ON 

No: 19 

(Test/Flight) 
Constraint: The RF gating has to be disabled piior to commanding the TWTA Beam ON a 
CSSA ON. 

Rule: Do not enable the TWTA Beam or the CSSA while the RF gating is enabled. 

Rationale: If the RF gating is enabled when the TWTA beam is ON or when the CSSA is ON, a 
current surge at input to CSSA and TWTA will be produced. Overcurrent protection will shut the 
units down. 

Exception Provisions: None 

Means for Implementing Constraint: Implementing constraint in CMD sequence. 

Author: Date: 

Approved by: Date: 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Title: Signal Dwell During EMC Testing No: 20 

(Test Only) 
Constraint: During EMC testing in which a signal is injected on the +28V power line, the 
injected signal shall not dwell at 1200 Hz or from 2100 to 2300 Hz for longer than 10 seconds. 

Rule: Do not dwell the injected signal at 1200 Hz or 2100-2300 Hz duiing EMC testing. 

Rationale: The  altimeter's Low Voltage Power Supply (LVPS) natural resonance frequencies 
are approximately 1200 Hz and 2200-2300 Hz. 

Exception Provisions: None. Applicable to test only. 

Means for Implementing Constraint: Utilization of proper operational procedures during 
EMWEMI testing. 

huthor: Date: 

Approved by: Date: 

TOPEX NASA ALTIMETER OPERATIONS PROCEDURE 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Title: Avoid ExDosure of ALT to High Levels of No: 21 
Electromagnetic Energy 

(Test Only) 
Constraint: At no time shall the ALT be exposed to a high level of radar or radar transponder 
electromagnetic field at or near the operating frequency of 5.3 GHz or 13.6 GHz without placing 
receiver switches in a high isolation state. 

Rule: C-Band radars (at Kourou) or nearby Ku-Band radars (at TBD) are not to operate unless 
the MTU receiver switches are in their high attenuation state. 

The receiver switches are not to be placed in low isolation when there is any possibility of radiation 
froin nearby Ku or C-band radars getting to the altimeter. 

Rationale: A large, extei-nally transmitted RF  signal could damage the ALT receivers if the 
appropriate load attenuation has not been selected (applicable duiing launch checkout). ALT C- 
Band or Ku-Band channels could be damaged by radiation from C-band tracking radars or Ku- 
Band weather radars. Any mis-aimed or spuiious signals coinciding with the 44-dB gain of the 
altimeter antenna could damage MTU pre-amplifiers. 

Exception Provisions: None 

Means for Implementing Constraint: Utilization of proper operational procedures. 

~ ~~ 

Quthor: Date: 

Approved by: Date: 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Title: ALT Minimum Time in Vacuum Prior to Power-Up No: 22 

(Test/Flight) 
Constraint: (1) During thermal vacuum testing, the TWTA should not be powered until the 
pressure is at or below 1 x 10-5 torr, and has been at or below 1 x 10-4 tom for at least 148 hours. 

( 2 )  Inflight, the TWTA should not be powered until a minimum of 336 hours after orbit insertion. 

Rule: (1) During testing, ALT should not be turned on until 148 hours after the vacuum (at 0" 01 
above) has been achieved. 

[2) After launch, allow a minimum of 336 hours after orbit insenion piior to operating the 
dtimeter. 

Rationale: Due to outgassing of both the TWTA and surrounding ob.jects after initiation of a 
vacuum environment, there is the possibility OC damage to Lhe NASA TWTAs due to high voltage 
ircing when local pressure reaches the critical area. (This applies LO both vacuum testing and 
Following launch.) 

Exception Provisions: None 

Means for Implementing Constraint: Utilization of proper operational procedures. 

Author: Date: 

Approved by: Date: 
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-Constraint: The ALT will be OFF during thermal vacuum pump-down or vacuum release and 
spacecraft pyro shock testing. 

The altimeter shall not be operated during theimal vacuum testing until a vacuum of 1 x l0"torr 
has been established for at least 96 hours. 

I 
I 

TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Title: ALT Status Durine Thermal Vacuuin Pump Down 
and SDacec raft Acoust ic Testing 

No: 23 

Rule: Ensure that the ALT is OFF during vacuim-Eimp-down and vacuum release and 
spacecraft pyro shock testing. 

Rationale: Avoid corona discharge. TWTNHigh-Voltage circuitry is susceptible to corona and 
arcing at pressures between ambient and 1 x lo5 ton. 

Pyro shock testing is not meaningful for the altiineier. 

Exception Provisions: None 

Means for Implementing Constraint: Utilization of proper operational procedures. 

Author: Date: 

Approved by: Date: 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

. .  (Tesmight) 

~ d .  
Constraint: --- 

**DELETED** 

Rule: If the ALT IDLE Mode is intended Lo be on for a period exceeding live minutes, issue the 
+28V MTU OFF Command. 

the MTU +28V is ON during IDLE mode I exceed their rating. 

Means for Implementing Constraint: Utilization of’ proper operatioiial procedures. 

Author: Date: 

Approved by: Date: 
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I TOPEX/POSEIDON 

FLIGHT CONSTRAINT/RULE (FCR) 

I' 
I 
I 

Title: Altimeter "OFF" Reauirement No: 25 

Test/Fli ht) fi 

tule: Turn the S/C +28V power to the altimeter OFF to remove all power draw by the altimeter 
vhen the altimeter is OFF. 

lationale: The spacecraft provides some power to the altimeter h a t  is not controlled through the 
ltimeter internal power relay. Therefore, even when all internal power relays are in the OFF state, 
iere will be about 30 mA of current through the cliarging capacitor bleeder resistors in  the LVPS 
nd TWTA input circuits unless the S/C ALT +28V is powered off. 

lxception Provisions: Discretion of Spacecral't Controller. No harm will result to ALT. 

4eans for Implementing Constraint: Utilization of proper operational procedures. 

I 
I 

Author: Date: 

Approved by: Date: 

I 
I 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Title: Watchdoe Test Command of ai1 ICA Command No: 26 

(Testmigh t) 
Constraint: Bit 12 (the Watchdog Test Command) of an ICA Command sliould be a 0 unless 
3therwise instructed by the altimecr authority. 

Rule: Enable the Watchdog Test Coininand only with the coiicuixnce of the NASA Wallops 
Flight Facility Altimeter team. 

Rationale: Setting Bit 12 of an ICA Command may result in successive recurring resets. This 
w a s  intended to implement a test mode in the altimeter. 

Vo harm will occur to the ALT; however datu will be lost. 

3xception Provisions: Test may be conducted only with approval of ALT Team. 

vIeans for Implementing Constraint: U tilizalion of propel- operational procedures. 

Author: Date: 

Approved by: Date: 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Title: Do Not Fullv Power the TWTA During Spacecraft-Level 

(Test Only) 
Constraint: The TWTA will not be powered during spacecraft-level dynamic environments 
(acoustics or vibration). 

Dvnamic Environments 
No: 27 

Rule: Use an IDLE mode with TWTA unpowered duiing spacecraft-level dynamic 
environments. 

Rationale: Instrument damage may otherwise OCCLII-. 

Exception Provisions: None 

Means for Implementing Constraint: Utilization ol' proper operational procedures. 

Author: Date: 

I 
I 

Approved by: Date: 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Title: Altimeter will he 0 FF During Launch No: 28 

Rule: Ensure that the altimeter is unpowered dui-iiig launch. 

Exception Provisions: None 

Means for Implementing Constraint: N/A 

I 

Author: 

Approved by: 

Date: 

Date: 
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TOPEX/POSEIDON 
Advisory 

Title: FRU WarmuD No: 29 

is expected during testing. The FRU shall have been operating for at least 2dhoui-i continuously 
in orbit before quality altimeter data is expected. 

Rule: Assure that FRU has been on for 2 hours before altimeter perfoimance testing commences 

Assure that FRU has been on for 24 hours coiilinuously in orbit before the altimeter is operated in 
a data taking mode. 

Rationale: The stability and quality of the altimeter data is dependent on the stability and quality 
3f the 5-MHz reference it receives from the FRU. 

Exception Provisions: Operations can star1 immediately, but data quality cannot be assured. 

vleans for Implementing Constraint: 

Author: Date: 

Approved by: Date: 

TOPEX NASA ALTIMETER OPERATIONS PROCEDURE 
September 1992 GSFC/Wall ops Flight Facility 

2-31 



TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

(Flight Only) 
'Constraint: When altimeter is not required to be taking data and it is desired that i t  not be 
tracking, altimeter should be put in IDLE mode or STANDBY. Turning the altimeter completely 
off should be avoided if possible. 

Rule: IDLE mode should be used whenever it is dcsircd that the altimeter not take data. 

Rationale: The output power level of the C-band power amplificr stabilizes af ter  aboui 200 hour 
with a drop of 0.3 to 0.2 dB. If the altimeter is turned completely OK, the amplifier recovers and 
will have to restabilize. 

Exception Provisions: Operation without stabilization is possible, bul some degradation of 
science data may result. 

Title: Mode for Non OPs No: 30 

Means for Implementing Constraint: 

Author: Date: 

Approved by: Date: 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

Title: S/C Attitude for Normal OPs No: 31 

(Flight Only) 
Constraint: For noimal operations, the altimeter will not produce quality science data until the 
s/c attitude control system has stabilized, and the altimeter electrical boresight axis is within 0.42 
degree of the s/c nadir point. 

Rule: Assure that the altimeter electrical boresight axis is being held within 0.42 degree of the s/c 
nadir point. 

Rationale: Off-nadir pointing affects the accuracy of the altimeer measurements. Although this 
can be corrected with proper algoiithms, these effects may no longer be easily conected when this 
off-nadir point approaches the 3-db points or the altimeter antenna. 

Exception Provisions: When special testing is being perl'oimed to test the attitude control 
iystem or to monitor altimeter off-nadir performance, this constraint does not pertain. 

a e a n s  for Implementing Constraint: Monitoring of s/c attitude. 

Author: Date: 

Approved by: Date: 
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TOPEX/POSEIDON 
FLIGHT CONSTRAINT/RULE (FCR) 

(Testmight) 
Constraint: Allow adequate time for h e  completion of an ALT memory update prior to sending 
a write-protect command. 

Rule: After an ALT memory change command (Executc Multi-word Cominand Buffer, Relocate 
Command Buffer, or Select Parameter Set), allow a ininiinuin oT 2.048 seconds piior to issuing 
the ensuing write-protect command. 

Rationale: If insufficient time is available for the ALT memory updating, the implementation of 
the write-protect command may prematurely terminate the memory change process. 

Exception Provisions: None 

Means for Implementing Constraint: Utilization of  proper operational procedures. 

Title: Minimum Time Interval After an ALT Me1noi.y Chance No: 32 

Author: Date: 

Approved by: Date: 
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3.0 

3.1 

COMMANDS 

Command Structure 

The command mnemonic structure is defined as: XXYY-DZZZZZZZ 

where XX = Command Type 
DC = Discrete Command 
SC = Seiial Digilal Command 
CU = Central Unit Command 

YY = Command Destination 
42 = NASA Altimeter (ALT) 

D = Altimeter Side Designator, A or B 

ZZZZZZZ = Mnemonic 

Command mnemonics are limited to 8 alpha-numeric characters (no special characters, like 
dash or underscore, no lower-case letters). They must bcgin with an alphabetic character (A-2). 

Discrete commands, which place the altimeter into a desired operating state, rnust begin 
with the character "A" or "B", to identify the altimeter side for which they are destined. The 
discrete commands and their mnemonics are listed in Table 3.1. 

For commands that have NO parameters, each mnemonic coixsponds to o n e  bit pattern. 
This system is compatible with the ATA commands, since they have such a correspondence. 
Mnemonics will be assigned to the most commonly used ICA commands. 

For commands WITH parameters, a single lield within the command word, of variable 
width in bits, may be defined. Bits within the lield may be defined dynamically, by passing the 
desired bit pattein as a parameter each time the mnemonic is used. To allow all possible ICA 
commands to be sent, we will create a mnemonic with a single 16-bit (the entire width of the 
command word) field. When this mnemonic is used, any 16-hit patteiii may be sent to the ICA. 

Two types of 16-bit serial commands are rouled to the allimeter by the spacecraft. ICA 
commands are executed by the ICA, although they are read and reported in the telemetiy by the 
flight software. ATA commands are read, executed, and reported by the ilight software. 

3.2 ICA Commands 

3.2.1 ICA Foimat 

Figure 3.2.1 illustrates the fonnat of ICA commands. The five fields that impact the ATA 
operations are: 

1) Bit 11 sets the ATA command mode to single word or to multi-word. 

2) Bits 4 through 7 wiite-protect and un-wiite-protect blocks of RAM in  the ATA. 
Several ATA commands require parts of RAM memory to be un-write protected 
before execution. 

TOPEX NASA ALTIMETER OPERATIONS PROCEDURE 
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Table 3.1 
Discrele Command Miieinonics for the ALT 

51 
53 
55 
57 

BCSSAON CSSA-B ON 
BCSSAOFF CSSA-B OFF 
BCCOTON CSSA-B OVERCURRENT TRIP ENABLE 
BCCOTOFF CSSA-B OVERCURRENT TRIP DISABLE 
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15 14 13 12 1 1 1 0  9 8 7 6 5 4 3  

Figure 3.2.1 
Structure of an ICA Command Word 

2 1 0  

4 
Spares i I  

Watchdog Test 
0 - Disabled 
1 - Enabled 

ATA CMD'Mode 
0 - Multi Word 
1 - Single Word 

I 1 
Write-Protect Bits: I 0 - Write Enabled 
1 - Write Protected 4 

Transmit Enable: 
0 - Transmit Disable 
1 - Transmit Enable 

I 

C Power Amp Gate: 

1 - Enable 
0 -Disable 1 

Error Reset Enable: 
0 - No reset on error signE 
1 - Reset on error signal 

MTU Side Select: 
0 to 1 MTU Side A 
1 to 0 - MTU Side 6 

Reset Type Field: 
00 - Power On 
01 - Reprogram 
10 - Ground CMD 
11 - Error 

Ground Reset Control: 
0 - No reset after CMDs 
0 to 1 - Reset processor 
1 - Reset after each ATA CMD 
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3) If bit 3 is clear (=O) , eiiw signals from the ATA watchdog timers will have no 
effect on the processor. If this bit is set (=l), an emor signal from the ATA 
watchdog timer will cause an ATA processor reset. 

4) While bit 2 is set (=l), the ATA processor will be reset after each command. 

5 )  Bits 0-1 control no hardware, but are read by the ATA after a reset to determine 
what type of reset occuired. On power-up, these bits are cleared (=O), which is the 
code for a power-on reset. They must be explicitly loaded by ICA command with 
the code for any other type of reset. Reset types are discussed in section 3.2.2. 

The ICA commands are listed in Table 3.2. For those ICA commands that have no 
parameters, each mnemonic corresponds to one bit pattern; such a system is compatible with the 
ATA commands. Care must be taken to not inadvertently change other hits when sending an ICA 
command for a specific purpose. 

For ICA commands with parameters, a single mnemonic (ICACMD) has been created; 
when this mnemonic is used, any 16-bit pattein may be sent to the ICA. 

3.2.2 Reset Types 

There are four events that cause the ilight processor to bz reset: (1) power is applied to the 
processor, (2)  a reset command is sen1 to the ICA, (3) the watchdog timers detect a timing error, 
and (4) the processor detects a processing enor and requests a reset from the ICA. The effect of 
each type of reset on the processor is described in the following paragraphs. 

The processor deteimines the type of reset by reading the last ICA command word from the 
ICA, and examining the Reset Type Field. On-power up, all the bits in the ICA Command word, 
including this field, are initialized to 0. "00" is the code for Power On reset. The Reset Type Field 
is not affected by any other hardware event besides power-on. Unless the Reset Type Field is 
explicitly changed by ICA command, all resets will be treated by the processor as Power On resets. 
Typically, the Reset Type Field should be loaded with the code for En-or reset, prior to letting the 
altimeter run unattended for long periods of time; then, any resets will be treated as Ei~or resets 
(since they were not commanded, they must be error resets). To place the altimeter in reprogram 
mode, the code for Reprogram reset must be placed in the Reset Type Field. Finally, if a ground 
command reset is needed (for example, to resume noimal operations after reprogramming), the 
Reset Type Field must be set to Ground reset, so that the ~'eset will be treated as a ground reset. 

Following a Power On reset, the llight software will reload all RAM tables from PROM, 
and will begin executing the launch version of the Ilight software located in PROM. All unloaded 
programmable parameters and program segments are lost. Since the power-on condition clears t h e  
ICA command word, memory is unwrite-protected by the power-up. To protect the working 
tables in RAM, the RAM addresses 0-8191 should be write-protected, following a power-on reset, 
but unwrite-protected before issuing a PRIMKU/C ATA command. In the command sequences, 
addresses 8 192-24576 are also protected, although they are not used in the llight version of the 
software. If new program segments are uploaded in the future, they will reside within this area, 
and should be protected. The clearing of the ICA coininand word at power-on also sets the 
command mode to multi-word. An ICA command must set the command mode to single word 
before commencing normal operations. 

Following an Error reset, the flight software reinitializes only those counters, tables, etc. 
needed to begin operations in a known state. Uploaded programmable parameters and program 
segments are not written over from PROM; they are assumed to have been located in 
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Table 3.2 

ICA Commands Codes and Mnemonics 
Commands with NO Parameters: 

8-Cham ter 
ICA Corn mand Code M nein onic 
Perform the following functions with MTU Side A Select: 

SETUP ATA With MTU Side A 
ENABLE C POWER AMP, MTU Side A 
ENABLE XMIT, NO C AMP MTU A 
FULL UP XMIT,MTU Side A; 
NO RESET TEST CMDS ALLOWED 
FULL-UP XMIT,MTU Side A; 
RESET TEST CMDS ALLOWED 

XMIT ENABLED 

XMIT DISABLED 

WRITE ENABLE ADDR 0-8191; 

WRITE ENABLE ADDR 0-8191; 

WRITE ENABLE ADDR 8 192- 16383 
WRITE ENABLE ADDR 16384-24575 
WRI'IE ENABLE ALL 
STNDBY/MULTIWORD CMD MODE; 
NO GROUND OR ERROR RESETS; 

IDLEYMULTIWORD CMD MODE; 
NO GROUND OR ERROR RESETS; 

RREPROGRAM MODE RESET; 
ALL RAM WRT ENABLED; 
NO ERROR RESETS 

ALL RAM WRT ENABLED; 
SINGLE WORD CMD,REPROGRAM MODE; 
ALL RAM WRT ENABLED; 
GROUND RESET; 

SINGLE WORD CMD MODE 
RESET ALT PROCESSOR 
ERROR RESET PROCESSOR 

SCRATCH-PAD ONLY WRT ENABLED 

SCRATCH-PAD ONLY WRT ENABLED 

MULTI-WORD CMD, REPROGRAM MODE; 

SCRATCH-PAD ONLY WRT ENABLED; 

OC7B 
OE7B 
OD7B 
OF7B 

1F7B 

OF6B 

OC6B 

OF5B 
OF3B 
OFOB 
0670 

047 ( 1 

0605 

060 1 

OE01 

OEO6 

0 0 4  
OF7F 

Perform the following functions with MTU Side B Select: 

SETUP ATA With MTU Side B 087B 
ENABLE C POWER AMP, MTU Side B OA7B 
ENABLE XMIT, NO C AMP, MTU B 097B 
FULL UP XMIT,MTU Side B; OB7B 
NO RESET TEST CMDS ALLOWED 
FULL UP XMIT,MTU Side B; 1B7B 
RESET TEST CMDS ALLOWED 
WRITE ENABLE ADDR 0-8191; OB6B 
XMIT ENABLED 

ASTART 
ACAMPON 
AXMITON 
AFULLON 

ATESTRST 

AWENBLK1 

AWB lXDIS 

AWENBLK2 
AWENBLK3 
AWENALL 
AMULWCMD 

AMULWTDL 

ARPRGRST 

AREPRGMW 

AREPRGSW 

AGRNDRST 

APROCRST 
AERRORST 

BSTART 
BCAMPON 
BXMITON 
BFULLON 

BTESTRST 

BWENBLKl 

TOPEX NASA ALTIMETER OPERATIONS PROCEDURE 
September 1992 GSFC/Wallops Flight Facility 

3-5 



Table 3.2 (Continued) 

ICA Commands Codes and Mnemonics 
Commands with NO Parameters: 

8-Character 
ICA Co mmand Code Mnemonic 

WRITE ENABLE ADDR 0-8191; 

WRITE ENABLE ADDR 8192-16383 
WlUTE ENABLE ADDR 16384-24575 

XMIT DISABLED 

WlUTE ENABLE ALL 
STNDBYMULTIWORD CMD MODE; 
NO GROUND OR ERROR RESETS; 

IDLE'MULTIWORD CMD MODE; 
NO GROUND OR ERROR RESETS; 

REPROGRAM MODE RESET; 
ALL RAM WRT ENABLED; 
NO ERROR RESETS 
MULTI-WORD CMD, REPROGRAM MODE; 
ALL RAM WRT ENABLED; 
SINGLE WORD CMD,REPROGRAM MODE; 
ALL RAM WRT ENABLED; 
GROUND RESET; 

SINGLE WORD CMD MODE 
RESET ALT PROCESSOR 
ERROR RESET PROCESSOR 

SCRATCH-PAD ONLY WRT ENABLED 

SCRATCH-PAD ONLY WRT ENABLED 

SCRATCH-PAD ONLY WRT ENABLED; 

086B 

0B5B 
OB3B 
OBOB 
0270 

0070 

0205 

020 1 

0A01 

OA06 

0804 
OB7F 

BWBlXDIS 

BWENBLK2 
B WENBLK3 
BWENALL 
BMULWCMD 

BMULWDL 

BRPRGRST 

BREPRGMW 

BREPRGSW 

BGRNDRST 

BPROCRST 
BERRORST 

I Corn mands WITH Parame tu:  

X- C11arac tcr 
ICA Command Codc Mnemonic Parameter 

SEND ANY POSSIBLE ICA COMMAND none ICACMD (any 16-bit pattern) 
E.G., ICACMD 19OOh I 
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write-protected RAM and to be unaffected by the "error." The command saved in the 
Last-Mode-Com (MemBlkl) variable is executed, placing the altimeter in that mode. An attempt 
is made to write to the Last-Mode-Com variable each time a major operating mode corninand (Idle, 
Standby, Calibrate, or Track) is sent. If the segment of memory containing the Last-Mode-Com 
variable is unwnte-protected prior to sending major operuting mode commands, then the ATA will 
return to the last commanded mode after an error reset. In the launch version of the flight 
software, no provision was made for the processor to detect its own errors; therefore, the 
processor never requests a reset from the ICA. Operationally, all error resets are generated by the 
watchdog timer. A test mode command can be used to force the ATA to request a reset. 

A Ground reset is identical to an Enor reset, except that the processor always enters Idle 
mode following a Ground reset. 

Reprogram resets initialize only those variables associated with engineering telemetry, 
command input, and reprogramming. TIie program basically sits in a loop wailing to lozd new 
program segments. 

3.3 ATA Commands 

Each 16-bit ATA command will be intei-pieted by the flight processor as either a single- 
word command or as part of a multi-word command, based 011 the ATA Single/Multi-Word 
Command field in the last ICA command. The treatment of each type of command i s  described in 
the paragraphs below. 

3.3.1 Single-Word Commands 

Tables 3.3.la and 3.3.lb d e h e  the single-word ATA commands. Table 3.3. l a  identifies 
the mnemonics which are the same for the A and B sides. Table 3.3.1 b identifies the code and 
indicates the valid operating modes for each command. If a single-word command is received in 
an invalid mode, or if a bit pattern not represented i n  Table 3.3.lb is received in single-word 
command mode, then the command will not be executed, and an euor will be reported in the 
telemetry stream. I t  is also possible to issue a valid command (e.g., PRIMKU, EMLON), with 
MemBlkl Write-protected, and have the command not executed and without an eimr reported in the 
TLM. 

The first four listed single-word commands, (IDLE, STANDBY, CALIBRATE and 
TRACK) are for mode assignment; these four mode commands and their expected results are 
described further in Appendix A. Test mode subsets of the altimeter mode commands are 
characterized in Appendix B. 

3.3.2 Multi-Word Commands 

There are three types of multi-word commands: 

a. Parameter change 

b. Reprogram change (memory load) 
Load Source - DOS diskette 
Command sequence 
Timing 
Veiification 
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c. Memoiy dump address 
The sequencing of these commands is: 

a. Setup by series of serial commands (1.2-second spacing) 
b. Change values (60-msec spacing C & DH controlled) 
c. Implementation series of seiial commands (1.2-second 

spacing) 

If the SingldMulti-Word Command Field of the last ICA command is set to multi-word 
command mode, then the 16-bit ATA command will be added to the end of a buffer of the most 
recent group of multi-word commands. As the name implies, this mode is used to issue 
commands that require more than one word, such as uploading parameters. Under special 
circumstances, this mode is used to upload new program segments. 

There are two stdges to multi-word corninand execution. First, the cntirc command must 
be loaded in multi-word command; no additional words may be added to the buffer after returning 
to single-word command mode. When the multi-word command has been loaded, the processor is 
returned to single-word command mode, and a single-word command (Execute Command Buffer 
or Relocate Command Buffer in Table 3.3.1 b) is issued which causes the multi-word command to  
be executed. 

The ATA commands, with parameters (Pn), within a mi11 ti-word command are: 

Mnemonic Parameter Descriptor 

SC42_ATASTART, PI1 Start Address 
SC42_ATASTOP, Pn Stop Address 
SC42-ATACH KS M, Pi1 
SC42_ATAWD, Pn File Word 

File Checksum 
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Table 3.3. l a  

Serial Coininaiid Mnemonics for  he ALT 
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Table 3.3.la 
(continued) 

Seiial Command Mneinoiiics lor the ALT 

I I 
. .  E S x  ides A and B) 1m1 Command Descnntm 

I I I 
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Single-Word Commaid 

IDLE 
STANDBY 
CALIBRATE 
TRACK 
FREEZE PR CAL , m N U  TOR ON 
FREEZE PR CAL ATI'ENUATOR OFF 

Table 3.3.1 b 
ATA Command: Valid Command Code and Modes 

Clcxie 

1003 
1006 
1ooc 
1018 
0111 
001 1 

FREEZE SEC CAL ATTENUATOR ON 01 10 
FREEZE SEC CAL ATTENUATOR OFF 0010 
HEIGHT BIAS TEST ON 0129 
HEIGHT BIAS TEST OFF 0029 
FREEZE TRACK ON 01 12 
FREEZE TRACK OFF 0012 
COAST TRACK ON 01 13 
COAST TRACK OFF 0013 
THRESHOLD-ONLY ON 01 14 
THRESHOLD-ONLY OFF 0014 
EML-ONLY ON 01 15 
EML-ONLY OFF 001s 
FINE TRACK ONLY ON 01 17 
FINE TRACK ONLY OFF 0017 
COARSE TRACK ONLY ON 01 16 
COARSE TRACK ONLY OFF 0016 
PRIMARY CHANNEL KU 0121 
PRIMARY CHANNEL C 002 1 
KU CHANNEL ON 0122 
KU CHANNEL OFF 0022 
C CHANNEL ON 0123 
C CHANNEL OFF 0023 
HIGH RATE WAVEFORMS KU 012s 
HIGH RATE WAVEFORMS C 002s 
INTERFERENCE SCAN ON 0126 
INTERFERENCE SCAN OFF 0026 
HIGH RESOLUTION XMIT TEST ON 01 27 
HIGH RESOLUTION XMIT TEST O f f  0027 
LOW RESOLUTION XMIT TEST ON 012A 
LOW RESOLUTION XMIT TEST OFF 002A 
C BANDWIDTH 320 MHZ 0028 
C BANDWIDTH 100 MHZ 0128 

I S 
D T 
L A 
E N 

D 
B 
Y 

X X 
X X 
X X 
X X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X X 
X X 

X 
X 
X 
X 
X 
X 
X 
X 

Valid Modes 
c C 
A A 
L L 

I I 
I 

X X 
X X 

X X 
X X 
X X 
X X 
X X 
X X 

c 
0 
A 
R 
S 
E 

A 
c 
Q 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
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c 
0 
R 
S 
E 

T 
R 
A 
C 
K 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

F 
I 
N 
E 

A 
C 
Q 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

F R 
I E 
N P 
E R 

0 
T C 
R R 
A A 
C fv 
K 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 



Single-Word Command 

Table 3.3.lb (continued) 
ATA Command: Valid Command Code and Modes 

COdt! Valid Modes 
I S c C 
D '1' A -A  
L A L L 
E N 

D 1 I 
B I 
Y 

PARAMETER SET 1 1031 X 
PARAMETER SET 2 1032 X 
PARAMETER SET 3 1033 X 
PARAMETER SET 4 1034 X 
EXTRA WD TIMER BURST RESET 5002 X X X X 
SKIP A WD TIMER BURST RESET SO01 x X X X 
EXTRA WD TIMER TRACK RESET 5004 X X X X 
SKIP A WD TIMER TRACK RESET SO03 X X X X 
REQUEST A PROCESSOR RESET 5005 X X X X 
EXECUTE MULTIWORD CMD BUFFER 1030 X X 
RELOCATE COMMAND BUFFER 3180 

C C 
0 0 
A R 
R S 
S E 
E 

A R 
C A 

C 
K 

v 

*r 

X X 
X X 
X X 
X X 
X X 

Multi Word Command Identifiers V J i d  Execution Modes (Loading valid in any mode) 

I MEMORY DUMP LIMITS 6030 X X 
PARAMETER SET UPLOAD 6300 X X 
NEW COMMAND BUFFER ADDRESS 6180 
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Multi-word commands are composed of three parts: a command identifier, the body of the 
command, and a checksum. The command identifier is the first 16-bit word in each multi-word 
command. The code that executes the command buffer uses this word to decide what the multi- 
word command is. The body contains the uploaded data, etc., the parameter values in a parameter 
upload. The checksum follows the last data word. It is computed by adding the command 
identifier and each data word in the body of the multi-word command. 

The multi-word command identifiers are shown in Table 3.3.lb, along with the modes in 
which multi-word command execution is value. Multi-word command loading is value in any 
mode. 

3.4 Ancillary Altimeter Opemtions 

Appendix C provides information for mcil!ary altimeter operations: 

Changing the Operating State 
Changing the Piimaiy Channel 
Setting the High Rate Waveforms Bandwidth Assignment 
Changing the C-Band Bandwidth 
Turning on and off the Ku-band Channel 
Tuning on and off the C-band Channel 
Changing the Parameter Set 
Loading a new Parameter Set 
Changing the Memory Dump LimiLs 
Reprogramming 

3.5 Command Echoing 

ATA and ICA command codes are echoed in Engineering Frnme bytes m, m+l and m+2 
(where m = 2, 18, 34,50,66, 82,98 or 1 14). The interpreiation of ilic command code is 
described in Engineering Frame Note 1 on page 7-29. 
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4.0 ALT PRELIMINARY TURN ON/TURN OFF COMMAND SEQUENCES 

The following sequences are provided to illustrate the kind of commanding (but not all 
possibilities) that will be needed to operate an altimeter, in this case altimeter side "A". 

4.1 Initial Relay Commanding (Required Once) 

ACSSAOFF 
ATWTAOFF 
AMT280FF 
ALVPSOFF 
ABEAMOFF 
AHLOTON 
ATCOTON 
ALVPSFEN 
ACCOTON 
IMAAAOFF 
BCSSAOFF 
BTWTAOFF 
BMT280FF 
BLVPSOFF 
BBEAMOFF 
BHLOTON 
BTCOTON 
BLVPSFEN 
BCCOTON 
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DELAY 18000 :18 SEC. 
TELLTALE CHECK ATTCSSAA= 1 
:NOW/NFULUIDLE/MODE 

TOPEX NASA ALTIMETER OPERATIONS PROCEDURE 
September I992 G S FC/W all o ps F1 i g 11 t Fac i 1 i t  y 

4-2 

4.2 Initial Alt "A" Tun On 

NO 28V MAIN BUS POWER TO ALTIMETER: ALTIMETEIUPOWER---OFF 
:ALT B OFF TELLTALE CHECKS 
TELLTALE CHECK A?TBEAMB=O 
TELLTALE CHECK ATTCSSAB=O 
TELLTALE CHECK A-rrTWTAB=O 
TELLTALE CHECK ATTLVPSB=O 
TELLTALE CHECK A?THLOTB= 1 
TELLTALE CHECK A?TTCOTB=I 
TELLTALE CHECK ATTLVFEB=l 
TELLTALE CHECK ATTCCOTB= 1 
TELLTALE CHECK ATTM28VB=O 

:ALT A TURN ON WITH TELLTALE CHECKS 
TELLTALE CHECK ATTCSSAA=O 
TELLTALE CHECK A'ITIWTAA=O 
TELLTALE CHECK ATTZVPSA=O 
TELLTALE CHECK ATTBEAMA=O 
TELLTALE CHECK ATTHLOTA= 1 
TELLTALE CHECK ATITCOTA= 1 
TELLTALE CHECK ATTLVFEA= 1 
TELLTALE CHECK A'ITCCOTA= 1 
TELLTALE CHECK AITM28VA=O 

28V MAIN BUS POWER TO ALTIMETER SIDE "A";ALTLMETER\POWER--ON 
DELAY lo00 
AMT280N 
DELAY 18000 
TELLTALE CHECK ATTM28VA=l 
ALVPSON 
DELAY 18000 
TELLTALE CHECK ATTLVPSA=I 
ASTART:ICA CMD OC7B 
DELAY loo00 
BSTART:ICA CMD 087B 

DELAY loo00 
AWB 1XDIS: ICA CMD OC6B 
DELAY loo00 
IDLE: ATA CMD 1 0 3  
DELAY loo00 
ASTART:ICA CMD OC7B 
ATWTAON 

DELAY 18000 
TELLTALE CHECK A??TWTAA= I 
ACSSAON 

: 1  SEC. 

: 18 SEC. 

:18 SEC. 

:SET UP FOR MTU SIDE "A" SELECTION 
: I O  SEC. 
:TO TOGGLE TO MTU SIDE "A" THE 
:ASTART CMD MAY NOT BE NECESSARY 
:IFTHE NEXT ICA CMD(e.g;AWBlXDIS/: 
:ICA CMD 086B) WILL TRANSITION THE 
:MTU SELECT BIT T O  A LOW "0". 
: 10 SEC. 

:10 SEC. 

:IO SEC. 

:NOTE: THERE IS A 220 SECOND DELAY 
:TIMER THAT SHOULD BE ALLOW TO TIME 
:OUT BEFORE ISSUING THE "ABEAMON" 
:RELAY COMMAND 
: I 8  SEC. 
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4.3 Alt "A" Ooerational Crnd'ing from Idle to Standby 

AWB lXDIS :ICA CMD OC6B 

DELAY loo00 :10 SEC. 
STANDBY:ATA CMD 1006 
DELAY loo00 :10 SEC. 
APRIMKU: ATA CMD 0 12 1 
DELAY loo00 : 10 SEC. 
ABEAMON 
DELAY 18OOO :18 SEC. 
TELLTALE CHECK A?TBEAMA=l 
AFULL0N:ICD CMD OF7B 
:NOW/INISTAND BY/MODE 

:REQUIRED UNWRITE PROTECT FOR 
PRIMKU CMD 

:OR PRIMC 

:>220 SEC. AFTER THE "ATWTAON" CMD 

4.4 Alt "A" Ooerational Crnd'ing from Standby to Truck 

AWENBLK1:ICA CMD OF6B 

DELAY loo00 : 10 SEC. 
TRACK:ATA CMD 1018 
DELAY loo00 : 10 SEC. 
;WHILE IN THE TRACK MODE ISSUE THE FOLLOWING ICA CMD 
AFULL0N:ICA CMD OF7B 
BLK 1 
;NOW/IN/TRACK/MODE 

:FOR RESET ON ERROR TO TRACK ENABLE 
XMTRS 

:FULL UP XMITRO WRITE PROTECT MEMORY 

4.5 Alt "A" Ooerational Crnd'ing from Track to Svandhy 

AWENBLK1:ICA CMD OF6B 
DELAY loo00 :10 SEC. 
STANDBY:ATA CMD 1006 
DELAY loo00 : 10 SEC. 
AFULL0N:ICA CMD OF7B 
;NOW/IN/STANDBY/MODE 

:RESET ON ERROR TO STANDBY (OPT.) 

4.6 Cmd Alt "A" from Stbv to Idle 

ABEAMOFF 
DELAY 18OOO :I8 SEC. 
TELLTALE CHECK ATTBEAMAd) 
AWB 1XDIS:ICA CMD OC6B 
DELAY loo00 :10 SEC. 
IDLE :ATA CMD 1003 
DELAY loo00 :10 SEC. 
ASTART:ICA CMD OC7B 
NOW/IN/IDLE/MODE 

:UNWRITE PROTECTINO XMIT (TBD NEW CMD) 

:FERRITE SW TO MAX. ATTENUATION 

:DISABLE XMITTERS/WRITE PROTECT 
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4.7 

4.8 

Cmd Alt "A" from Idle to Off 

ACSSAOFF 
DELAY 18000 :18 SEC. 
TELLTALE CHECK A?TCSSAA=O 
ATWTAOFF 
DELAY 18000 :18 SEC. 
TELLTALE CHECK ATTTWTAA=O 
AMT280FF 
DELAY 18000 :18 SEC. 
TELLTALE CHECK A1TM28VA=O 
DELAY 42000 

ALVPSOFF 
DELAY 18000 :18 SEC. 
TELLTALE CHECK A?TLVPSA=O 
IMAAAOFF : ALTIMETER\POWER ..OFF 
ALTIMETER\" A "\IS\NOW\OFF 

:60 SEC. FOR FERRITE SW BLEED OFF 
:AFTER AMT280FF CMD 

Alt "A" Onerational Cmd'ing from Standby to Calib 

AWENBLK1:ICA CMD OF6B :ENABLE RESET O N  ERROR TO NEXT ATA 
CMD 
: (CALIB RATE)ENAB LE XMTRS 

DELAY lOo(K) :10 SEC. 
CAL:ATA CMD lOOC 
DELAY 2000 :2 SEC. 
WHILE IN THE CALIBRATE MODE ISSUE THE FOLLOWING CMDS 
AFULL0N:ICA CMD ORB :FULL UP XMIT/TO WRITE PROTECT MEMORY 

BLK I 

:ENABLE RESET ON ERROR TO NEXT ATA 
CMD 
:(STANDBY) ENABLE XMTRS 

DELAY 24oooO :4 MINUTES 
AWENBLK1:ICA CMD OF6B 

DELAY loo00 :10 SEC. 
STANDBY 
DELAY loo00 :10 SEC. 
AFULL0N:ICA CMD OF7B :FULL UP XMIT/TO WRITE PROTECT MEMORY 

BLK I 
: NOW/IN/STANDB Y/M ODE 
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5.0 PARAMETER VALUES 

The preliminary values for parameter set 1 are listed in Table 5.0, from the TOPEX Radar 
Altimeter Flight Software Design document (1991). The role of discrete parameters in controlling 
the ALT tracker is depicted in Figure 5.0. Selected parameter descriptions are as follows. 

5.1 Interference Scan Parameters 

An Interference Scan begins at the Interference Scan Minimum Height. For each track 
interval, the height is incremented by the Interference Scan Height Increment, until the Interference 
Scan Maximum Height is reached. 

5.2 Cal-I Indexl, Index2 

During Cal-I, the two waveform samples indexed by Cal-I Index 1 and Index2 (zero origin 
indexing) will be averaged to obtain the AGC Gate. The ratio of the difference of these two 
waveform samples to their sum will be used to calculate the height eimr. 

5.3 Cal-I Minimum AGC 

During Cal-I, the Ku and C AGC gates will be compared to the Cal-I Ku and C AGC 
Minimum. If the AGC gate on il channel exceeds that channel's minimum, then the height error  
will be used for tracking on that channel. Otherwise, no tracking will be performed on tha t  
channel. 

5.4 Cal-I AGC Threshold 

This parameter sets the AGC threshold used i n  tracking the AGC during Cal-I. The AGC 
tracking loop should force the average of the waveform samples lrom Cal-1 Indexl to Index2 to 
equal the Cal-I AGC Threshold. 

5.5 Cal-I Alphas 

track height on both channels. 

5.6 Cal-I Error Scales 

During Cal-I, Cal-I AGC Alpha is used to track AGC and the Cal-I Track Alpha is used to 

The Cal-I Ku and C Height Error Scales change a 1-bit height error into the  height scaling 
used by the height tracking loop and the synchronizer. The Cal-I AGC Error Scale scales a 1-bit 
AGC error into the scaling used by the AGC tracking loop and the synchronizer. 

5.7 AGC Threshold 

The tracking loop forces the average of  the waveform samples used to form the AGC Gate 
to be approximately equal to the AGC Threshold. The same AGC Threshold and AGC gate indices 
are used in Track mode and in Cal-11, so that the noise estimate produced in Cal-I1 will be valid in  
track mode. In Coarse Acquisition, the signal must be larger than 1/4 the AGC Threshold to be 
recognized. 
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5.8 Height and AGC Adjustments 

The tracker height and AGC will be increased by these adjustmcnLs on transition from high 
to low resolution. They will be decreased by these adjustments on transition from low to high 
resolution. 

5.9 AGC Eiror Scale 

In track mode, the AGC error scale changes a I-bit AGC enor into the scaling used by the 
AGC tracking loop and the synchronizer. 

5.10 AGC Gate Scales 

The same AGC Threshold is used for both the C and KLI channcls; however, one-fourth as 
many C waveforms are summed each track interval as are KLI wnvefonns. Thus, the AGC gate 
(formed from an average of waveform samples) must be scaled, depending on the channel, before 
subtracting the AGC Threshold to form an error signal. The Ku  AGC Gate Scale is 1, while the C 
AGC Gate Scale is 4, to compensate for the difference i n  the ninn her of summed waveforms. 

5.1 1 Coarse Acquisition Parameters 

Minimum Scan Height. Each track interval, it  will increment by the Coarse Acq Scan Height 
Increment, until the Coarse Acq Maximum Scan Height is reached 01' excccded &e., the scan 
increments do not have to cover the minimum to inaxiinuni range exactly). To prevent the signal 
from "falling through a crack," the scan height increment should bc lcss than the height range 
covered by one waveform at the cuirent coarse-resolution setting. The waveform size can be 
calculated as follows: 

At the start of Coarse (low resolution) Acquisition, the height will be set to the Coarse Acq 

Wavefoim (ns) = Coarse Resolution (ns) * 128 

An overlap of at least 8 waveform samples is recommended; thus the maximum scan height 
increment should be: 

Scan Height Increment (ns) = Waveform (11s) - Coarse Resolution (11s) * 8 
= Coarse Resolution (11s) * 120 

A further consuaint is placed on the scan hcight increincnt by thc llight software design. 
For proper operation of the flight software, the number of steps required to cover the entire interval 
(maximum height - minimum height) should be equal to: 

10*N + 8, N = 0, 1, 2 .... 

When Coarse Acquisition is initialized, the primary chaniiel AGC is set to the noise level 
calculated during the last Cal-11, plus the AGC Delta parameter. If the entire acquisition range is 
searched without finding the signal, then the AGC is lowered by the Coarsc Acq AGC Decrement, 
and the range is scanned again. This sequence is repeated until the signal is found, or the AGC is 
decremented to the AGC Minimum. Then the scan is repeated at the AGC Minimum until the signal 
is found. The switch from coarse resolution is on tlic hall'-framc boundary. 
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5.12 Fine-Acquisition Parameters 

When fine (high resolution) acquisition is initiated, the height and AGC are both adjusted to 
account for the resolution change. During fine acquisition, the height is scanned in a window 
around this initial height. One-half the Fine Acq Scan Window is subtracted froin the height. Each 
track interval, the height will be incremented by the Fine Acq Scan Height Increment until the 
signal is found, or the height becomes greater than the initial height plus one-half the Fine Acq 
Scan Window. To prevent the signal from "falling in a crack," the Fine Acq Scan Height Increment 
should be less than the total height range covered by one wavefoim at high resolution. The overlap 
should be at least 8 range bins, so the maximum increment should be: 120 bins * 3.125 ns = 375 
ns. 

During fine acquisition, the maximum waveform sample on the piirnary channel is compared 
to the Fine Acq Minimum Signal Threshold. If it exceeds the threshold, and is greater than twice 
the noise estimate, it is considered to be the signal. 

5.13 Noise Indices 

A noise estimate is formed by averuging the waveform samples from Noise Index1 to 
Noise Index2 (zero origin indexing). The noise indices used for the Fine Acquisition, Coarse 
Tracking, and Fine Tracking are separately programmable. For coarse-and line-resolution tracking, 
the noise indices used on the Ku and C channels are also separately programmable. 

5.14 Coarse-Track Threshold Height Scale 

The coarse-threshold height scale t'actors change the height error from units of "waveform 
sample number" to the units of the 48-hit tracker height. Thew height scales are il function of 
Coarse Resolution and Coarse-Track Point (see paragraphs 5.15 and 5.30), and may be computed: 

Coarse-Track Threshold Height Scale = 
Coarse Resolution( ns) * LSB (Coarse-Track Track Poin ~)/4.6566E-X ns 

There is one programmable height scale for Ku and one for C. 

5.15 Fine-Track AGC Indices 

As part of forming the AGC gates for line tracking and lor Cal-I1 mode, the wavefoim 
samples from Fine Track AGC Index 1 and Fine Track AGC Index2 (inclusive) arc avcraged. 
There are separately programmable indices Cor Kii and for C. 

5.16 AGC Scale Factors 

These scale factors adjust the AGC gate calculation for differences in gate index. There are 
six separately programmable scale factors (one for each gate index) for the Ku channel, and six 
others for the C channel. 
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The  data display requirements for the MOS consist of a set ol’predelined screen layouts that 
will show all altimeter data or s/c-related data. The screens will display engineering dala, science 
data, de-related data, alarms and status. All displays will contain NRA status, s/c sLatus, 
command and time infoimation. Any displayed parameter can bc tlagged at two levels: one for 
warning and one for danger. It shall be possible to display up to 6 screcns at one time and some of 
these screens may be the same display. It shall be possiblc to intcractivcly change the selected 
display on any screen. The following are preliminary screen dcl?nitions. 

Display Desciiption 
1 Standard 1 (Mixed) 
2 Standard 2 (Mixed) 
3 Temperature display 1 
4 
5 
6 Surface measurement data 
7 Ku wavefoims 

Temperature display 2 (includes s/c data) 
Voltage, cunent from altimeter and s/c 
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6.0 MOS DISPLAY REQUIREMENTS 

6.1 General Reaui rernen t.s 

It is required for selected passes that the TOPEX NASA radar altimeter ( N U )  data be 
displayed in realtime at the MOS for engineeiing evaluation, and that redtiine commanding be 
available. Specific requirements ase: 

All data shall be accessible and displayed in engineeiing units. 

A hardcopy may be made of any display. 

Data displays are to be capable ol‘ being frozen and unfrozen. 

For all passes for which playback dah is received, tlx playback data will be 
displayed in quasi-realtime (approximately I O  minutes l’rom receipt of first data), 
the same as for the realtime. 

All received data will be processed for alarm limits, and alarms displayed within 20 
minutes of data receipt. 

If certain alarms are displayed, immediate action will be taken to schedule a realtime 
command uplink pass if the cui-sent pass is not an uplink pass or insufficient time 
remains to safeguard the altirncter. Updates LO the alaiin limits will be supported. 

It will be possible to produce a channelized hardcopy of selected parameters in 
engineering units. 

It will be possible to select any parameter for plot display. This screen display 
would look similar to a stiip chart. 



8 C waveforms 
9 Alarm display 
10 Status display 
11 Memory load 
12 Memory dump 

6.3 Parameters to be Monitored 

6.3.1 Required in MOS 

NRA Engineering Telemetry 
All 50 Engineering words 
All command Echo 
Time 
Status bytes 
L a  t reset time 
Memory dump 

NRA Thermistor Data (8 words) 
N R 4  Telltales (1 8 bib) 
NRA Voltage 
NRA current 

S/C Telemetry 

Science Telemetry 

6.3.2 Desired in MOS 

Engineering Telemetry 
Spares 

S/C Telemetiy 
Attitude Estimate 

Science Telemetry 
Time 
Calibrate attenuators 
Mode Block 
Status block 
Ku Height 
C height 
Height rate 
Ku AGC 
C AGC 
Ku SWH 
C SWH 
Waveform Samples 
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7.0 TELEMETRY 

7.1 Science Telemetiy 

The TOPEX telemetered science frame consists of 1228 bytes, incorporating science data, 
command echoing, and altimeter operating status. The science I'raine telemetiy and associated 
engineering unit conversions are listed in Table 7.1. 

7.2 Engineering Telemetry 

The TOPEX telemetered engineering frame consists of 128 bytes which are described in 
Table 7.2, along with the associated coefficients to convert the counts to engineering units. Values 
in columns A through F in Table 7.2 are the polynomial coefficients used to convert the counts for 
that particular parameter to engineering units. The polynomial for the conversion is y = A + Bx + 
Cx2 + Dx3 +EX' + Fx5, where x equals the raw count value and y is the converted measurement in 
the appropriate units. For conversions where a lower order polynoinial is sufficient, the later 
coefficients are set equal to zero. 
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Byte  
Count 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10-96 

97 

98-249 

250-336 

337 

338-489 

490-576 

577 

578 

5 79 

580 

581 

# Bytes 

1 

I 

1 

87 

1 

152 

87 

1 

152 

87 

1 

TABLE 7.1 
(Preliminary ) 

TOPEX ALTIMETER SCIENCE FRAME 

Contents  

Sync code - byte 1 - 1A hex 

Sync code - byte 2 - CF hex 

Sync code - byte 3 - FC hex 

Sync code - byte 4 - 1 D hex 

Sync code - byte 5 - BA hex 

Sync code - byte 6 - DD hex 

Primary calibrate attenuator 

Secondary calibrate attenuator 

Current Mode 

Mode Change Type 

Data Block A 

Gate Index 

Data Block B 

Data Block A 

Test Mode Byte 

Data Block B 

Data Block A 

Limit Byte 

Synchronizer Mode Bits - byte 1 (LSB) 

Synchronizer Mode Bits - byte 2 (MSB) 

Operation Mode Byte 

Spare 

C o n v e r s i o n  

Concatenate six bytes - No conversion 

(1ACFFC1 DBADD hex) 

No Conversion - See Note A 

No Conversion - See Note A 

No Conversion - See Note B 

No Conversion - See Note C 

Refer to Block A Description 

No Conversion - See Note D 

Refer to Block B Description 

Refer to Block A Description 

No Conversion - See Note E 

Refer to Block B Description 

Refer to Block A Description 

No Conversion - See Note F 

Concatenate two bytes - See Note G 

No Conversion - See Note H 

No Conversion 1 
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C o n t e n t s  

Current Mode 

Mode Change Type 

Data Block B 

Data Block A 

Spare 

Data Block B 

Data Block A 

Spare 

Last ATA Command Executed - byte 1 
( L W  

Last ATA Command Executed - byte 2 
(MSB) 

Last ICA Command Executed - byte 1 
(LSB) 

Last ICA Command Executed - byte 2 
JMSB) 

Data Block 6 

B y t e  
Count 

582 

583 

584-735 

736-822 

823 

824-975 

976-1 062 

1063 

1064 

1065 

Convers ion  

No Conversion - See Note B 

No Conversion - See Note C 

Refer to Block B Description 

Refer to Block A Description 

No Conversion 

Refer to Block B Description 

Refer to Block A Description 

No Conversion 

Concatenate two bytes - No conversion 

(see Note 1 of Engineering Frame) 

Concatenate two bytes - No conversion 

(see Note 1 of Engineering Frame) 

R e f e r  to Block B Descr ip t ion  

~~ ~ 

1066 

1067 

Spacecraft time - byte 1 (LSB) 

Spacecraft time - byte 2 

1068- 
1219 

1220 

1221 

1222 

I223 

I224 

225 - 

Concatenate six bytes - 

# Bytes 

Spacecraft time - byte 4 

Spacecraft time - byte 5 

Spacecraft time - byte 6 (MSB) 

152 

87 

1 

152 

87 

1 

(Suggest it be converted to a year, day, 
seconds output) 

152 

Spacecraft time - byte 3 Then multiply by 0.9765625E-6, yielding 
cumulative spacecraft clock time in 
seconds 
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TABLE 7.1 (Continued) 
(Preliminary) 

TOPEX ALTIMETER SCIENCE FRAME 

Byte # Bytes C o n t e n t s  
C o u n t  

1226 1 Frame Checksum - byte 1 (LSB) 

1227 1 Frame Checksum - byte 2 (MSB) 

C o n v e r s i o n  

Concatenate two bytes - No conversion 
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1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

?ecurr ing Byte Count 

10-1 1,98-99,250- 
251,338-339,490- 
!91,584-585,736- 
737,824- 825,976- 
377,1068-1 069 

12-1 3,100-1 01,252- 
253,340-34 1,492- 
!93,586-587,738- 
739,826-827,978- 
379,1070-1 071 

14-15,102-103,254- 
255,342-343,494- 
195,588-589,740- 
741 ,828-829,980- 
381,1072-1 073 

16-17,104-105,256- 
>57,344-345,496- 
$97,590-59 1,742- 
743,830-831,982- 
383,1074-1 075 

18,106,258,346,498, 
59 2,744,832,984,1076 

19,107,259,347,499, 
593,745,833,985,1077 

1 

1 

TABLE 7.1 (Continued) 
TOPEX ALTIMETER SCIENCE FRAME 

~ 

#Bytes 

2 

2 

2 

2 

(Preliminary) 
DATA BLOCK A 

Zon ten ts  

Zoarse Height 1 (rnrn) 

%nary Fine Height 1 (mm) 

ieight Rate 1 ( r n d s )  

Secondary Height Difference 1 (mrn) 

~~ 

'rimary AGC 1 (dB) 

~~ 

Secondary AGC 1 (dB) 

Convers ion  

Concatenate Coarse Height 
and Primary Fine Height. 

Then multiply by 
3.81 4697265E-4 ns/count to 
obtain primary height. 

Next, add a constant off set 
(e.g., 8.192Et6 ns) 
determined during system 
testing, different for each 
frequency to yield height in 
ns. 

Last, multiply by c/2 (c=speed 
of light in mdns) . 

Multiply by 5.54935E-2 to 
obtain nanoseconds per 
second. Then, multiply by c/2 
(c=speed of light in mm/ns). , 
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This is a signed 2's 
complement value. 
Algebraically add Secondary 
Height Difference (in counts) 
to the raw concatenated 
Height above, and multiply by 
3.81 4697E-4 ndcount to 
obtain Secondary Height. 

Next, add a constant off set 
(e.g., 4.096E-6ns) 
determined during system 
testing, different for each 
frequency . 

Last, multiply by c/2 (c=speed 
of light in mdns) . 

Multiply by 0.25 dB/count - 
Then correct for temperature 
effects via quadratic 
equations. 

Multiply by O.P!jdB/count - 
Then correct for temperature 
effects via quadratic 
equations. 



Recurring Byte Count 

20-21,108-109,260- 
261,348-349,500- 
501,594-595,746- 
747,834-835,9 86- 
987,1078-1 079 

22-23,110-111,262- 
263,350-351,502- 
503,596-597,748- 
749,836-837,988- 
989,1080-1 081 

24-25,112-113,264- 
265,352-353304- 
505,598-599,750- 
751,838-839,990- 
391,1082-1 083 

26-27,114-115,266- 
267,354-355,506- 

753,840-841 ,992- 
393,1084-1 085 

507,600-601,752- 

!8,116,268,356,508, 
502,754,842,994,1086 

!9,117,269,357,509, 
503,755,843,995.1 087 

30,118,270,358,510, 
504,756,844,996,1088 

TABLE 7.1 (Continued) 
TOPEX ALTIMETER SCIENCE FRAME 

( P re  I i m i n a r y ) 
DATA BLOCK A 

#Bytes 

2 

2 

2 

2 

1 

1 

1 

Contents 

Coarse Height 2 (rnrn) 

Primary Fine Height 2 (mm) 

Height Rate 2 (mds) 

Secondary Height Difference 2 (mrn) 

Primary AGC 2 (dB) 

Secondary AGC 2 (dB) 

Primary SWH (rn) 

Conversion 

See byte 10 above. 

See byte 14 above. 

See byte 16 above. 

~~ ~ ~ 

See byte 18 above. 

See byte 19 above. 
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VSWH. SWH = 
0.0781 25'1OY, where 
Y=a+bVSWHtc(VSWH)2+ 
~ ( V S W H ) ~ ;  coefficients will be 
from table look-up. There will 
be one table for each 
combination of gate index 
(1 -5) and bandwidth (Ku/C). 
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1 
I 
I 

Recurr ing Byte Count 

31,119,271,359,511, 
605,757,845,997,1089 

32-95,120-183,272- 
335,360-423,512- 
575,606-669,758- 
821,846-909,998-1061, 
1090-1 153 

96,184,336,424,576, 
670,822,910,1062,1154 

TABLE 7.1 (Continued) 

(Preliminary) 
DATA BLOCK A 

TOPEX ALTIMETER SCIENCE FRAME 

#Bytes 

1 

64 

1 

Contents 

Secondary SWH (m) 

High Rate Waveform Samples 1-64 
(Counts) 

High Rate Waveform Scaling/Mode 

Con ve rs ion  

Telemetry stream provides 
VSWH. SWH = 
0.0781 25*1OY, where 
Y=a+bVSWH+C(VSWH)2+ 
~ ( V S W H ) ~ ;  coefficients will be 
from table look-up. There will 
be one table for each 
combination of gate index (1- 
5) and bandwidth (KdC). 

No conversion - usage 
requires scaling by factor 
determined from table look-up 
based on decode of the 
following byte. See N o t e  I. 

No Conversion - See Note J. 
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TABLE 7.1 (Continued) 
TOPEX ALTIMETER SCIENCE FRAME 

Recurring Byte Count 

98-1 84,338-424,584- 
670,824-91 0,1068-1 154 

185,425,671,911,1155 

186-249,426-489,672- 
735,9 12-975,1156- 12 1 9 

# B y t e s  

87 

1 

64 

(P re I i mi n a ry) 
DATA BLOCK B 

C o n t e n t s  

Data Block A 

Low Rate Waveform ScalingiMode bits 

Low Rate Waveform Samples 1-64 
(Counts) 

Con ve rsion 

Refer to Block A Description 
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No Conversion - See Note J. 

No conversion - usage 
requires scaling by factor 
determined from table look-up 
based on decode of the 
Preceding byte. See Note I .  
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TOPEX ALTIMETER 
SCIENCE FRAME NOTES 

6 5 4 . . . , . . . . . . . . . . . . . . . . . . . . . . . 0 

EaQA 
The attenuator setting will be used as an index in the calibrationmode processor where it  will b e  
converted to the proper temperature coirected setting. 

Calibrate Attenuator Setting Bytes 

0 - Not Frozen 
1 -Frozen 

0 - Height Bias Test OFF 
1 - Height Bias Test ON 

TOPEX NASA ALTIMETER OPERATIONS PROCEDURE 
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TOPEX ALTIMETER 
SCIENCE FRAME NOTES (Continued) 

7 6 5 4 

The individual status indicators are needed to control dat i  processing and data cluality in the 
TOPEX SDS algorithms. This appears twice per frame. 

3 ........................... 0 

Current Mode Byte 

I 0 - AGC Gate (changes per 1/2 frame) I t 1 - PrimaryMai3 (changes per 1/2 frame) 1 High Variability Flag Mode: 7 
0 - False 
1 - True: RMS height e r r o ~ T 5  

(a programmable threshold) 

001 1 - Standby (changes per frame) 
01 10 - Cal-l (changes per frame) 
1100 - Cal-ll (changes per frame) 
1001 - Coarse Acq.(changes per 1/2 frame) 
101 0 - Coarse Track (changes per 1/2 frame) 
0101 - Fine Acq.(changes per 1/2 frame) 
1 11 1 - Fine Track (changes per 1/2 frame) 

Note: High Variability forces the 
use of threshold height errors 
during fine track 

HigWLow Rate 
Waveform Channel 
Assignment 
0 - K d C  (changes per frame) 
1 - C/Ku (changes per frame 
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Septem her 1992 G SFCN all o ps F1 i g 11 L Faci 1 i 1 y 

7-10 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 -  



I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

7 6 5 4 3 2 

TOPEX ALTIMETER 
SCIENCE FRAME NOTES (Continued) 

1 0 

This byte is used for engineering analysis. This appears twice per frame. 

7 ........................ 4 

Mode Change Byte 

3 . . . . . . . . . . . . . . . . . . . . . . . . 0 

0 - FALSE 
1 -TRUE 

Track) 
- T7 (Coarse) 
T8 (Fine) 

(All of the above change per 1/2 frame) 

Note D 

The gate indexes are used in the TOPEX SDS algoiithms to select the proper coefficients Cor data 
correction. 

Gate Index Byte 

Secondary Channel Primary .Channel 
Gate Index (1 -5) Gate Index (1-5) 
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TOPEX ALTIMETER 
SCIENCE FRAME NOTES (Continued) 

&!!%!z 
The status bits are used in engineering analysis. For normal TOPEX operations, the byte will be 
all ones. 

Test Mode Byte 

0 - OFF 
1- ON 

7 6 5 4 3 2 1 0 

$ Fine irack Only 

Transmit Test 1 
Interference Scan 

7 6 5 4  

Note F 

The status bits are 

Limit Byte 

3 ......................... 0 

[sed for data qualit: in the TOPEX SDS. 
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15 ......... 11 10 9 8 7 6 5 4 3 2 1 0 - 

TOPEX ALTIMETER 
SCIENCE FRAME NOTES (Continued) 

These bits are used for engineering analyses and are not used in the normal TOPEX SDS 
processing. 

Synchronizer Mode Bits 

Ku TWTOUT Enable: 
1 to 0 - High attenuation; Ku  transmit inhibit (disabled) 
0 to 1 - Normal Ku transmission (enabled) 

Burst  Start Bandwidth: 
0 - C starts burst 
1 - K u  starts burst 1 

f 

0 - 320MHZ 
1 - IOOMHz J 

T/R Switch Select: 
0 - Normal State 
1 - High Attenuate 

CaVOperate Select: 
0 - Operate 
1 - Calibrate 

CAMPIN Enable 
0 - C-band off 
1 - C-band on 

KU TWTlN Enable 
0 - Ku-band off 
1 - Ku-band on  KU PRF Select:  

0-4KHz 
1 

1 - 1 KHZ 
Cal Attenuator Select CAMPOUT Enable: 
0 - C attenuator 
1 - Ku attenuator 

1 to 0 --> High attenuation; C transmit inhibit (disabled) 
0 to 1 --> Normal C transmission (enabled) 
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TOPEX ALTIMETER 
SCIENCE FRAME NOTES (Continued) 

0 - Not 1st frame after reset 1 

Note H 

7 6 5 4 3 2 1 0 

The primary channel bit is needed in the TOPEX SDS to control data flow. 

Operation Mode Byte 

0 - Side A I 1  1 - Side B 00 01 - - Power Reprogram ON 
o - Primary Channel KU 

1 - Primary Channel C 
10 - Ground 
11 -Error 

Resolution 
0 High Resolution 

- L~~ Resolution 
00 - Parameter Set 1 
01 - Parameter Set 2 
10 - Parameter Set 3 
11 - User Programmable Set (4) 
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Current Mode 
Stand by 
Cal-I 
Coarse Acquisition 
Coarse Track 
Fine Acquisition 
Fine Res Track 
Cd-II 

TOPEX ALTIMETER 
SCIENCE FRAME NOTES (Continued) 

Compression Scheme 
Middle 64 samples are used, first 32 samples and last 32 samples are 
discarded 
Adjacent pairs of wavel'orm samples are averaged, i.e., 1-2,3-4, etc. 

Telemeiered samples 1-8 = averagcs ol'adjaccni pairs ol'samples 1- 16 
Telemetered samples 9-40 = wavcfom sainplcs 17-48 
Telemetered samples 4 1-48 = averages of ad.jacent pairs of samples 49-64 
Telemetered samples 49-64 = averages of' groups of 4 waveform samples for 
samples 65-128, Le., teleineiered sample 49 = average 01 samples 65-68. 

NoteI 

The TOPEX waveform which is telemetered for ground processing consists of 64 samples which 
are not all uniformly spaced. The telemetered waveform is formed onboard the spacecraft from 
128 uniformly spaced (3.125-nsec separation) tracker wavel'orm samples. 

The Figure on the following page depicts, for high-resolution (he-track) tracking,  he TOPEX 
relationships between: 1) the set of 128 individual onboard altimeter wavcform samples; 2) the set 
of 64 waveform telemetry gates, composed of averages ol' 1,2, or 4 of the individual waveform 
samples; 3) the six different early (E), middle (M), and late (L) gates iised in the EML tracking and 
SWH estimation; and 4) the noise and AGC gates. 

TOPEX NASA ALTIMETER OPERATIONS PROCEDURE 
Septem her 1992 GSFClWallops Flight Facility 

7-15 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- %  

- a  

- a  

- E ;  

m 

m 3 
r 

-I 

0 

m 3 
N 

-1 

m (D 

m m x 3, 
- a  

0 0 

-1 -1 s - l  
- 2  

- E  

- 8  

- 3  

f r 
0 

5 w l  8 

*-E 2 

E 
UJ" 8 -I r .- 0 

W 

L 
w" 
I 

c -  =-E (0 

W 

-.- - 



I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

6 .............. 4 7 

TOPEX ALTIMETER 
SCIENCE FRAME NOTES (Continued) 

3 ......................... 0 

w 
It is suggested that waveforms not be scaled for the TOPEX standard data product but that the 
individual data user perform the scaling. 

Waveform Mode/Scaling Byte 

Spare 

Frequency I.D. 

Hiah-Rate Waveforms: 
0 - Ku Waveform 
1 - C Waveform 

.I ow-Rate Waveforms; 
0 = C Waveform 
1 = Ku Waveform 

Scale Factor 
Index Multiplier 

0 32768/214 
1 327681303 
2 327681428 
3 32768/605 
4 32768/856 
5 3276811211 
6 3276811713 
7 3276812423 
8 3276813427 
9 32768/4846 

10 32768/6853 
11 32768/9692 
12 32768/13707 
13 32768/19384 
14 32768/27413 
15 32768138768 
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Minor 
Frame 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

I 16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 I 

Data 

Sync 
CMD- 1 
CMD-2 
CMD-3 
DMP- 1 
DMP-2 
DMP-3 
DMP-4 
status 
RST- 1 
RST-2 
RST-3 
RST-4 
RST-5 
DMP-5 
DMP-6 
RST-6 
CMD- 1 
CMD-2 
CMD-3 
TIME- 1 
TIME-2 
DMP-7 
DMP-8 
TIME-3 
TIME-4 
TIME-5 
TIME-6 
Eng- 1 
Eng-2 
DMP-9 
DMP- 10 

TABLE 7.2 

TOPEX ALTIMETER ENGINEERING FRAME 

Minor 
Frame 

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 

Data 

Ellg-3 
CMD- 1 
CMD-2 
CMD-3 
EIlg-4 
Ellg-5 
DMP- 1 1 
DMP- 12 
Eng-6 

Eng-9 
Eng- I O  
Eng- 1 I 
DMP-13 
DMP- 14 
Eng- 12 
CMD-1 
CMD-2 
CMD-3 

Eng- 14 
DMP- I5 
DMP- 16 

Ellg-7 
Eng-8 

Eng- 13 

Eng- 1 5 
Eng- 16 
Eng- 17 
Eng- 18 

E11g-20 
DMP- 17 
DMP- 18 

Eiig- 19 

Minor 
Franie 

65 
66 
67 
68 
69 
7 0 
71 
72 
73 
74 
75 
76 
77 
78 
79 
8 0 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 

Data 

E11g-2 1 
CMD-I 
CMD-2 
CMD-3 
Eng-22 
Eng-23 
DMP- 19 
D M P- 20 
EIIg-24 
E11 - 2 5 
E11g-26 

E11 1-2 8 
Eng-27 

Eng-29 
DMP-2 1 
DMP-22 
Eiig -3 0 
CMD-I 
CMD-2 
CMD-3 
Eng-3 1 

DMP-23 
DMP-24 

Eng-32 

Eng-33 
Eng- 34 
EIlg-35 

En f.  - 37 
Eng-38 
DMP-25 
DMP-26 

Eng-36 

(described I'urther on next 15 pages) 
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Minor 
Frame 

97 
98 
99 
1 0 0  
101 
102 
103 
1 0 4  
105 
106 
107 
I08 
109 
1 1 0  
1 1 1  
112 
113 
114 
115 
116 
117 
I18 
119 
120 
121 
122 
123 
124 
I25  
I26  
127 
128 

Data 

Eng-39 
CMD-1 
CMD-2 
CMD-3 
Eng-40 
Eng-4 1 

Eng-42 
Eng-43 
Eng-44 
Eng-45 
Eng-46 
Eng-47 
DMP-29 
DMP-30 
Eng-48 
CMD-1 
CMD-2 
CMD-3 

DMP-27 
DMP-28 

Eng-49 
Eng-50 

CHKSUMH 
CHKSUML 
SumCnt 
PassCn t 
Spare 
ENGCHK 

DMP-3 1 
DMP-32 

DMP-33 
DMP-34 
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TOPEX ALTIMETER 
ENGINEERING FRAME NOTES 

1 - Last Command ID Intei-pretation 

The Command ID is interpreted as follows: 

First B v te 

Bit Definition 

0-3 Modulo 16 counter of the nuinber of words received in the cunent 
multiword ATA command 

4 Spare 

5 

6-7 Command type: 

1 -Command Error;O - Noerror 

1 = ATA multiword command (bits 0-3 are counter) 

2 = ICA corninand (bib 0-3 invalid) 

3 = ATA single-word command (bits 0-3 invalid) 

Second Byte 

Command LSB 

Third Byte 

Command MSB 

ICA and ATA command codes are listed in Tables 3.2 and Table 3.3.1 h, respectively. 
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TOPEX ALTIMETER 
ENGINEERING FRAME NOTES (Continued) 

Note 2 - ENGOO9 (Status1 is interpreted as follows: 

V m  X 
00 
03 
06 
oc 
09 
OA 
05 
OF 
FF 

Definition 
Alt. in Idle mode; no science telemetry 
Alt. in Standby mode 
Ah. in Cal-I mode 
Alt. in Cal-I1 mode 
Alt. in C o m e  Acquisition mode 
Alt. in Coarse Track mode 
All. in Fine Acquisition mode 
Alt. in Fine Track mode 
Alt. in reprogram mode; no science te1eineti-y 

Note 3 - Polvnomial Fits 

A polynomial fi t  of the form y = A+Bx+Cx2+Dx3+Ex4+Fx5, is utilized for Lhcse EU 
conversions, where: 

x = raw counts 
y = measurement in the appropriate units (degrees Celsius. walls, amps, volts) 

For those conversions requiiing lower order polynomial l ib ,  the later cocl'licients are assigned 
values of 0.00. 

I Note 4 - Polvnomial Fits and Temnerature Corrections 

These counts are polynomial-converted per Note 3, and tlien are tcmperaluie-coi7'eCted. The foim 
of the additive temperature coil-ection is y = A+Bt+C& whcsc A, B, and C arc cocl'l'icicnts unique 
for each parameter to be conected, and whese: 

y = temperature coil-ection to tlx EU-converted parameter 
t = a selected temperature, in degrees Centigrade 

Temperature coil-ections are applied to four parameters, as f'ollows: 

- BYTE DESCRIPTION - A - B - C TEMP. 
SELECTED 

100 Ku XMIT PWR 3.4500E- 1 -5.4OOE-3 -3.356OE-4 BYTE 59 
104 Ku CATH CUR 8.3596E-3 -4.768E-4 5.6966E-6 BYTE 43 
108 CSSA RF PWR 1.5864E+O -5.93XE-2 - 1.63OOE-4 BYTE 56 
109 CSSA BUS CUR 8.9400E-2 -3.73OE-3 6.OOOOE-6 BYTE 56 

I 
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7 6 5 4 3 2 1 0  

TOPEX ALTIMETER 
ENGINEERING FRAME NOTES (Continued) 

7 6 5 4 3 2 1 0  

Note 5 - Bilevel#l Inteiuretation 

Note 6 - Bilevel#2 Inteiuretation 

+ 
Spares 

4 
0 - C SSA Correct Command 
1 - C SSA Incorrect Command 

I 1 - KU TWTA Incorrect Command 

Spa re i 
0 - Altimeter Side A 
1 - Altimeter Side B 
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8.0 HEALTHMONITORS 

8.1 A l t i m e t e r s  

Fifty bytes of the 128-byte engineering frame conlain a1 timelei- health monitors. The health 
monitoring parameters are listed in Table 8.1, with heir minimum, nominal, and muximuin values. 

I 
I 
I 

8.2 s Dacecraft Monitors 

Health monitors in the spacecraft telemetry are listed in Table 8.2 and Table 8.3. 
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9.0 SEU UPSETS 

SEU Upsets are identified from the engineeiing data stream by monitoring the last reset 
time words (AENGOlOA, AENGO11 A, AENGO12A, AENG013A, AENGO14A and  
AENG017A). Any change that is not attributable to the commanding sequence should be 
considered an SEU. For any unexpected change, the following veiitications need to be made. 

1. Ensure the ALT has retuiiied LO the operak mode which was last write-protected i n  
memory. 

2. Ensure s/w checksum and spare bytes contain proper values. 

3. Ensure no parameters are in alaim state. 

4. Ensure memory dump addresses alae correct. 

If any of the above ciiteiia are not met, then the adaptive tracker must be reset. This is 
done only after proper notification to WFF. It also requires i*einitialization of previous command 
states. 
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10.0 WFF CONTACTS 

The NASA Altimeter operadons contacts at Wallops Flight Facility aic: 

Craig L. Purdy 
NASA Altimeter Systems Engineer 
Commercial: 804-824- 13 17 
FTS: 889-1317 
FAX: 889-1826 
E-MAIL: (C:USA, ADMDzTELEMATL, PRMD:GSFC, O:GSFCMAIL, 
UN: CPURDY) 

David W. Hancock, 111 
NASA Altimeter Sensor Scientist 
Commercial: 804-824- 1238 
FTS: 889-1238 
FAX: 889-1036 
E-MAIL: (C:USA, ADMD:TELEMAIL, PRMDGSFC, 0:GSFCM AIL, 
UN:DHANCOCK) 
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APPENDIX A 

ALTIMETER MODE 

COMMAND DESCRIPTIONS 

IDLE ............................................................................................. A-'2 

STANDBY ....................................................................................... A-3 

CALIBRATE .................................................................................... A-5 

T R A C K  ........................................................................................... A-7 

Note: 
this appendix. An "x" in a bit location denotes that, for that particular command, the assigned bit 
value does not matter. An "S" denotes that it should remain in the appropriate side: S=l for Side 
A, S a  for Side B. The letter "C" denotes that, if desired, h i s  bit should be sct to zcro to save 
next ATA command(s) into the last mode command. 

Bits that should retain their last commanded value are given as "*" in the command codes in 

TOPEX NASA ALTIMETER OPERATIONS PROCEDURE 
September 1992 GSFCWallops Flight Facility 

A- 1 



IDLE 

After a power-on reset, the altimeter enters Idle mode automatically; the altimeter may also be 
commanded to Idle mode. In this mode, the altimeter does not transmit, and the receivers are 
protected. Engineering telemetry is produced, but science teleinetry is not. 

Method 

To enter Idle mode, send the following coininand(s): 

Command Type Command Code Coni man d Des c r i p ti o n 

ICA 

ATA 
ICA 

XXXO 1SOO 01 1C *O** Single-word command mode; unwrite-protect 
the Last Mode Com. NOTE: Use this after 
an eiror reset. 

0001 0000 0000 001 1 Put the altimeter i n  Idle mode. xxx0 1soo 01 11 *o** Wiite-protect memory. NOTE: This 
command is required only if memory has 
been iin write- pro tec led to cl~angt: the 
Last-Mode-Corn. 

Note: To avoid CSSA RF Droop, disable C power amplilier gating in  IDLE (especially from 
STBY). 

Expected Results 

At the next science telemetry frame boundary, the science telemetry strcarn will cease. The status 
byte in the engineering telemetry will contain the code OO,, indicating that the altimeter is in Idle 
mode. 
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STANDBY 

In Standby mode (excluding Standby test modes), the altimeter does not transmit. The  receivers 
are protected. Both engineering and science telemetry are produced. The height and  AGC are 
fixed. 

After entering Standby mode following a power-on reset, a piiinary channel must be selected to 
properly initialize the altimeter parameters. 

Method 

To enter Standby mode for the first time following a power-on reset, send the following 
command(s): 

Command Type Command Code Command Description 

ICA 

ATA 
ATA 

ATA 

xxxo IS00 01 IC *o** Single-word command mode; unwiite-protect 
the Last-Mode-Coin. Required before 
PRIMKU/C. NOTE: Use this 
command only if the altimeter should operate 
in Standby after an error reset. 
Put the altimeter in Standby mode. 
Select Ku as the primary channel. 

Select C as the primary channel. 

000 1 0000 0000 0 1 1 0 
0000 000 1 00 10 ()OO 1 

OR 
0000 0000 00 10 000 1 

Command Type Command Code C o m in and Desc r i p ti o n 

ICA xxxo lS l0  0 1  11 *o** Write-protect memory. NOTE: This 
command is required after 012 1/0021 if 
ineinory is to be protected. 

To enter Standby mode at any other time, send the following command(s): 

Command Type Command Code Command Description 

ICA 

ATA 
ICA 

XXX0 lS00 01 1C *O** Single-word command mode; unwiite-protect 
the Last-Mode-Com. NOTE: Use this 
command only if the altimeter should operate 
in Standby after an error reset. 

000 1 0000 0000 0 1 1 (1 Put the altimeter in Standby mode. 
x x x 0  1s10 0111 *o** Write-protect memory. NOTE: This 

command is required only if memoiy h a s  
been unwiite-protected to change the 
Last -Modc-Com. 
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Expected Results 

When changing from Idle to Standby, within one telemetry interval a science frame sync will 
appear in the altimeter science data bytes of the spacecraft data. When changing from any mode 
other than Idle to Standby, the transition will take place at the end of the c u ~ ~ e n t  science data frame. 

The status byte in the engineeiing telemetry will cliange to 03,,, to indicate that the altimeter is in 
Standby. The cunent mode bits in the first Standby altimeter science data frame will be 3,, to 
indicate Standby mode. The synchronizer mode bits will be set as follows: 

Bit Description State 
0 Ku PRF Select 0 
4 CAMPOUT 0 
5 KuTWTOUT 0 
7 OperatelCali brate 0 
10 T/R Switch Enable 0 

When the altimeter is commanded to Standby, the height, height rate and AGC are a11 set to a fixed 
value, and will not change. The standby test modes can a l k t  the value of these data. 
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CALIBRATE 

Calibrate mode provides data for in-flight calibration of the altimeter. A single calibrate command 
causes the Altimeter to exercise two distinct calibration modes. In the first, Cal-I, the transmitted 
pulse is fed back through a seiies of attenuators. The resultant spike is tracked. T h e  telemetered 
height, AGC, and waveforms give the calibration information. 

When all cal-I attentuator steps are complete, the ilight processor automatically changes to Cd-11 
mode. Cal-I1 is identical to Standby, except that the AGC is tracked. The altimeter will stay in 
Cal-I1 mode until commanded to Standby. When commanded to Standby, the tracked AGC will 
be saved for use in determining the starting AGC value used in Track mode, during Coarse 
Acquisition. 

Method 

To enter Calibrate mode, send the following coinmand(s): 

Command Type Command Code Command Description 

ICA 

ATA 
ICA 

XXXO IS01 01 IC *O** Single-word coininand mode; unwiie-protect 
the Last Mode Corn. NOTE: Use this 
coininand only if the altimekr sliould operate 
in Calibrate alier an error reset. 
Put the altimeter in  Calibrate mode. 

command is required only if memory has 
been unwrite-protected to change the Last 
Mode Coin. 

0001 0000 0000 1 100 
XXXO IS 11 01 11 *O** Write-protect memoi-y. NOTE: This 

Expected Results 

The status byte in the engineering telemetry will be 06,, and the cui-rent mode bits in the science 
telemetry will be 6, to indicate that the ATA is in Cal-I mode. The calibrate attenuator settings in 
the science data frame should increment about once every 5 science data frames. T h e  synchronizer 
mode bits will be set as follows for Cal-I: 

Bit Description State 
0 Ku PRF Select 0 
4 CAMPOUT 0 
5 KuTWTOUT 0 
7 OperatdCali brate 0 
10 TAX Switch Enable 0 
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After about 160 science data frames, Cal-I mode will terminate on a science telemetry frame 
boundary, and CaI-I1 mode will begin. The status byte in the engineering telemetry will be OC,, 
and the current mode bits in the Cal-I science data frames will be C, to indicate Cal-II mode. The 
synchronizer mode bits will be set as follows for Cal-11. 

Bit Description State 
0 Ku PRF Select 0 
4 CAMPOUT 0 
5 KuTWTOUT 0 
7 OperatdCalibrate 0 
10 TAX Switch Enable 0 
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TRACK 

In track mode, the altimeter transmits and receives; it  generates both engineering and science 
telemetry. 

When commanded to Track mode, the flight software begins a search for the signal a t  low 
resolution. After acquiring the signal, i t  will track for at least one-half telemetry interval at low 
resolution. Once tracking has been satisfuctoiily established at low resolution, the software will 
either institute another acquisition procedure at high resolution, or will begin tracking at high 
resolution immediately, depending on the signal quality. All changes between tracking and 
acquisition and high and low resolution are controlled by the flight software, once a Track 
command has been received. 

Method 

To enter Track mode, send the following command(s): 

Command Type Command Code C o m ma n d Desc r i 1) ti on 

ICA 

ATA 
ICA 

xxxo lS0l 0 1  10 *o** Single-word coininand mode; unwrite-protect 
the Last Mode Com. NOTE: Use this 
cominand only if the altimeter should 
operate in Track mode after an enor reset. 

000 1 0000 000 1 1000 Put the altimeter in Track mode. xxxo lS l l  0111 *[I** Wii te-protec t memory. NOTE: This 
command is required only if memory has  
been unwrite-protected to change the Last 
Mode Com. 

Expected Results 

Following this sequence of commands, the transilion to Track will rake place at the e n d  of the 
current science data frame. Note that in Track mode, the flight software can change from 
acquisition to tracking, and from high to low resolution on hall--telemetry fixme boundaries; thus, 
the two sets of current mode bits in the science data telemeuy frame can be different. Because the 
engineering status byte is updated only once every 8.192 seconds, i t  will not necessarily follow all 
the changes in tracking mode described below. 

The status byte in the engineering teleinetry will change to 09k,, and thc Illst c i ~ i ~ e n t  mode hyle in 
the first Track altimeter science data frame will be Oli ,  to indicate Coarse Acquisition mode. The 
bandwidth bit in the Operation Mode Byte will be 1, for low resolution. The height will scan over 
the programmed acquisition range. The synchronizer mode bits will be set as follows for Coarse 
Acquisition: 
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Bit Description State 
0 Ku PRF Select 1 
4 CAMPOUT 1 
5 KuTWTOUT 1 
7 Operatelcalibrate 0 
10 T/R Switch Enable 0 

When the signal is acquired, the engineering status byte will be OA,, and the Cui-rent Mode bits in 
the science data frame will be AI{ to indicate Coarse Tracking. The bandwidth bit in the Operation 
Mode Byte will be 1, for low resolution. The height, height rate, and AGC will be the tracked 
values. I The synchronizer mode bits will be set as foIlows in Coarse Tracking: 

Bit Description State 
0 Ku PRF Select 1 
4 CAMPOUT 1 
5 KuTWTOUT 1 
7 Operate/Calibrate 0 
10 T/R Switch Enable 0 

When tracking has been established in low resolution, thc flight software may stili't a line- 
acquisition sequence. If so, the engineering status byte will be 05,, and the current mode bits will 
be 5, to indicate Fine Acquisition. The bandwidth bit i n  ~ h c  Opcratioii Mode Byte will be 0, for 
high resolution. The height will scan over the programmed acquisition m g e .  The  synchronizer 
mode bits will be set as follows for Fine Acquisi Lion: 

Bit Description State 
0 Ku PRF Select 0 
4 CAMPOUT 1 
5 KuTWTOUT 1 

Operatelcalibrate 0 7 
10 T/R Switch Enable 0 I 

If a high-quality trick is established in Coarse Tracking, or if a signal is I'ound in Fine Acquisition, 
then the flight software will begin tracking in high resolution. The engineering status byte will be 
OF, m d  the cun-ent mode bits will be F,, to indicate Fine Tracking. The bandwidth bit in the 
Operation Mode Byte will be 0, for high resolution. Thc synchronizer mode bits will be set the 
same as for Fine Acquisition. Height, height rate, and AGC will be the tracked values. 

As described above, the transitions between acquisition and tracking and high and low rcsolution 
are controlled by the flight software. They are a function of the interaction between the 
programmable parameters and tlie signal characteristics, and cannot be exactly predicted in 
advance. The Mode Change Type byte in the science data frame conlains infoimation indicating 
the conditions which caused a change in mode. Cervain kinds 01' behavior may be diagnostic of 

, 

I 

I incorrect programmable parameter settings: 
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Symptom 

Signal is never acquired in coarse 
acquisition. 

The mode never changes to fine acquisition 
or tracking. 

Symptom 

The mode ping-pongs between coarse and fine 
track. 

Cause of Error  

The signal is not the range set 
by the minimum and maximum Scan 
heights. 

The primary channel is Off. 

The programmable thresholds for 
changing to high resolution are set too tight. 

Cause of Error  

The programinable thresholds for 
changing to low resolution are too tight. 
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APPENDIX B 

TEST MODE SUBSETS OF ALTIMETER MODE COMMANDS 

USING THE TEST MODES .................................................................. B-2 

INTERFERENCE SCAN ...................................................................... B-2 

TRANSMITTESTA'RANSPONDER CODE ............................................... B-4 

HEIGHT BIAS CALIBRATE MODE ........................................................ B-6 

FREEZE CALIBRATE ATTENUATOR .................................................... B - ~  

FREEZETRACK ............................................................................... B-1. 

COAST TRACK ................................................................................ B.11 

THRESHOLD ONLY .......................................................................... B.12 

EML ONLY.. .................................................................................... B- 13 

C O A R S E  TRACK ONLY ...................................................................... B-14 

FlNE TRACK ONLY .......................................................................... B.15 

RESETTEST MODES ......................................................................... B-16 

Note: 
this appendix. An "x" in a bit location denotes thal, for [hat particular command, the assigned bit 
value does not matter. 

Bits that should retain their last commanded value are given "*" in the command codes in 
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USING THE TEST MODES 

Test modes are special subsets of the normal major operating modes. They cause minor variations 
in the way a mode performs, to provide extra control lor testing the altimeter funclions. For 
example, Firme Calibrate Attenuator test mode keeps the calibrate attenuator setting from changing 
during Cal-I (as it normally does every 5 seconds). The test modes are meaningful only in the 
mode of which they are a subset - e.g., Freeze Calibrate Attenuator has no el'fec~ in Track mode. 

The EnabldDisable state of the test modes is stored in write-protected RAM. Th~is ,  RAM must be  
unwrite-protected prior to sending a test mode command (both test mode On and test mode Off 
commands). Prudence demands that memory be re-wiite-protected after sending a test mode 
command. Each command sequence below uiiwiitc-protects memory prior to the actual test mode 
command, and re-write-protects it afterwards. However, if a number of test mode commands are 
going to be sent one after another (for example, commands to freeze and unl'reeze the calibrate 
attenuators), then it will be most efficient to iinwiite-protect memory once, at the start, and re- 
write-protect memory once, at the end of all the test mode commands. 

Error resets do not affect the test modes; if a test mode is enabled prior to an error reset, it will be 
enabled after recovery from the emor reset. 

INTERFERENCE SCAN 

The Interference Scan is a subset of Standby. It is identical to Standby except that the height is 
slowly scanned over a programmable range, and the AGC is tracked. The telemetered waveforms 
can be examined for interference. 

Method 

To start an Interference Scan, send the following command(s): 

Command Type Command Code Command Description 

ICA 

ATA 
ICA 

xxxo 1*10 0 1  10 *o** 
0000 0001 0010 01 IO 
xxx0 1*10 0 1  1 1  *o** 

Si ng 1 e- word command in ode; 11 n w i-i te- 
protect the test mode control RAM. 
Interference Scan On 
W i i  te- pro tec t m em ory . 

To end an Interference Scan, send the following command(s): 

Command Type Command Code Command Description 

ICA 

ATA 
ICA 

xxxo 1*10 01 10 *o** 
0000 0000 00 10 0 1 1 0 
xxxo 1*10 01 11 *O** 

Single-word command mode; unwrite-protect 
the test mode control RAM. 
Interference Scan OFF 
W i i  te- p ro tec t mem ory . 
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Expected Results 

The Iscan bit in the test mode byte of the science data frune will be 1, LO indicate that an 
Interference Scan is in progress. The synchronizer mode bits will stay as they were in noimal 
Standby mode. The height will scan over the programmed range. 

When the Interference Scan Off command sequence is sent during an Inlerl'erence Scan, the height 
will retain its latest value from the Interference Scan when the noma1 Standby mode resumes. 
The Iscan bit in the test mode byte of the science data frame will be 0. Sending the Interference 
Scan Off command sequence when no Interference Scan is i n  progress has no effect. 
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TRANSMIT TEST/TRANSPONDER CODE 

This test mode is a subset of Standby. It operates like Standby, except that the altimeter transmits 
in this mode. The initial height and height rate are programmable parameters. The altimeter can 
transmit in either high or low resolution in this mode. 

Method 

To start a low-resolution Transmit Tesflransponder mode send the following 
command(s): 

Command Type Command Code 

ICA xxxo 1*11 0110 *o** Single-word command mode; unwiite-protect 

ATA 
ICA 

To end a low-resolution Transmit Test/ Transponder mode, scnd the following cornmand(s): 

Command Type Command Code Command Description 

ICA xxxo 1*11 01 10 *o** Single-word command mode; unwiite-protect 

ATA 0000 0000 00 10 10 10 Transmit Test Off. 
ICA x x x 0  1*10 O I l I  "0"" Write-protect memory; Transmit Off. 

To start a high-resolution Transmit Tcsflransponder modc, send thc lollowing cornmand(s): 

Command Type Command Code Command Description 

ICA x x x 0  1*11 0110 *o** Single-word coin mand mode; unwiite-protect 

ATA 0000 0001 0010 01 1 1  High-resolution Transmit Test On. 
ICA xxxo 1*11 0111 *I)"* Write-protect memoiy. 

To end a high-resolution Transmit Tesflransponder mode, scnd thc following coinmand(s): 

Command Type Command Code 

ICA 

ATA 
ICA 

Command Desc ri p t i on 

ihe test inodc control RAM; Transmit On. 
Low-resolution Transmit TCSL On. 
W ii te- pro tec L memory . 

0000 000 1 00 IO 10 10 
xxxo 1*11 01 11 *o** 

the tes1 mode control RAM. 

the test mode control RAM; transmit On. 

C o m m a n d Desc r i p t i o n 

S inglc-word coin mand in ode; u 11 wii te-pro tec t 
the test mode control RAM. 
Transmit Test OK 
Wii te-pro tec t memory; transmit Off. 

xxxo 1*11 01 10 *o** 
0000 0000 00 10 0 I 1 1 
xxxo 1*100111 *O*" 
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Expected Results 

After the Transmit Tesflransponder Mode On command seiies is sent, thc altimeter will begin 
transmitting. The height will change to the programmed height, and while the altimeter is in this 
test mode, will change at the programmed height rate. The XMit Test bit in  the test mode byte of 
the science data frame will be 1, to indicate that Transmit Tesflransponder mode is in enabled. 
The bandwidth bit of the Operation Mode Byte of the science data f r m e  will be 1 if low resolution 
was commanded; i t  will be 0 if high resolution is coinmanded. The synclironizer mode bits will 
be set as follows: 

Bit  Description State 
0 Ku PRF Select 0 
4 CAMPOUT 1 
5 KuTWTOUT 1 
7 OpentdCalibrate 0 
10 T/R Switch Enable 0 

When the Transmit Test/Transponder mode OIY command sequence is senl, the height will retain 
its last value from the Transmit Test in normal Standby mode. The XMit Test bit in the test mode 
byte of the science data frame will be 0. 

It is possible to command both the high- and low-resolution Transmit Tcst / Transponder mode On 
at the same time (by sending the two On commands one after the other). If this occurs, the low 
resolution mode takes precedence; that is, die low-resolution test will sr;1rt whenever it is 
commanded, and the high-resolution test will be interrupted, or will not start until the low- 
resolution test is commanded Off. This occLii-rence is not reported as an emr.  
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HEIGHT BIAS CALIBRATE MODE 

This mode is a subset of the Cal-I p u t  of Calibrate mode. The altimeter is in its hardware calibrate 
mode, as in Cal-I, but the high impedance switches are in the normal operating position. Instead 
of tracking height, as in Cal-I, the height is scanned over the possible llnc height range. The 
purpose of this mode is to calibrate the height bias. I 

i Method 

To enter Height Bias Calibrate mode, send the following comiiiand(s): 

Command Type Command Code I Co ni ma nd Desc ri p ti on 

ICA 

ATA 
ICA 

xxxo 1*** 0 1  10 *O"* 

0000 0001 0010 1001 
xxxo 1*** 0 1  11 *I)** 

Single-word command mode; unwiite- 
protcct the test mode control RAM. 
Height Bias Calibratc Mode On. 
W i i  te- p rotec t in em ory . 

I To turn off Height Bias Calibrate mode, send the following command(s): 

Command Type Command Code Command Description 

ICA 

ATA 
ICA 

xxxo I*** 01 10 *o** 
0000 0000 00 I O  1 O( 1 1 xxxo 1*** 01 11 *O** 

Singleword coin in and mode; iin wiite-protec t 
the test mode control RAM. 
Height Bias Calibrate Mode Off. 
W ri te-pro tec t memory. 

Expected Results 

After sending the Height Bias Calibrate On commands, the MSB-I of both calibrate attenuator 
settings will be 1, to indicate that that altimeter is in HeighL Bias Calibrate mode. I!' the Height 
Bias Calibrate On commands ace sent while the altimeter is in the Standby or Cal-I1 modes, it  will 
have no effect on the altimeter operations. If the a1 timeter is commanded to Calibrale after sending 
the commands, or if it is in the Cal-I mode when the commands are sent, then the fine height will 
sweep the possible range in 130 steps, and then will repeat unLil the mode is commanded Off. The 
synchronizer control bits will be set as follows: 
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Bit  Description State 
0 Ku PRF Select 0 
4 CAMPOUT 1 
5 KuTWTOUT 1 
7 OperadCalibrate 1 
10 T/R Switch Enable 0 

When the Height Bias Calibrate Off commands are sent, the height will return to the  last value it 
had in normal Cal-I, and normal Cal-I tracking will resme. The MSB-1 of the attenuator setting 
will be 0, to indicate that the Height Bias Calibrate mode is OCf. 
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FREEZE CALIBRATE ATTENUATOR 

This mode is a subset of Calibrate (Cal-I). It causes the calibrate attenuator(s) to be frozen at its 
current value when the command is processed. CaI-I mode will not terminate while Lhis mode is 
enabled, since both attenuator settings cannot increment to their maximum value. 

I Method 

To freeze the Piimaiy channel calibrate at!enuator, send the following command(s): 

Command Type Command Code Co 111 in and De sc ri p ti o n 

I ICA 

I ATA 
ICA 

xxxo 1*** 0 1  1 0  *o** 
0000 000 1 000 1 000 1 xxxo 1*** 01 1 1  *Oh* 

Single-word command mode; unwiite- 
protect thc test inodc control RAM. 
Freeze Piimary cliannel attenuator. 
W lite - protec t in cm or y . 

To freeze the Secondary channel calibrate attaiuator, send thc I'ollowing corninand(s): 

Command Type Command Code Command Description 

ICA xxxo 1*** 0 1 1 0  *o** Single-word corninand mode; unwrite- 

ATA 0000 000 1 000 1 0000 Freeze Secondary attenuator. 
ICA 

protect the test mode control RAM. 

W r i  te- pro tec t in em ory . xxx0 1*** 0 1  1 1  *o** 
To unfreeze the Primary calibrate attenuator, send the I'ollowing coinmand(s): 

Command Type Command Code C o m man d De sc ri p ti o n 

ICA 

ATA 
ICA xxxo I*** 01 I 1  *0** Wiite-protect memory. 

xxxo ]*** 01 10 *O*" 

0000 0000 0001 0001 

Si ngle word c o in in and mode ; u n write- 
protect the test mode control RAM. 
U n freeze Primary a t tenuator. 

To unfreeze the Secondary channel calibrate attenuator, send the I'ollowing 
command(s): 

Command Type Command Code Corn ma n d Desc ri p ti on 
I 

ICA 

ATA 
ICA 

xxxo 1*** 0 1  10 *o** 

0000 0000 000 1 0000 
xxxo I*** 01  1 1  *I)"* 

Sin& word coin mand mode; iin write-protec t 
the test mode control RAM.  
UnI'reeztl Secondary channel attcnualor. 
W i i  te- p 1-0 tec t in em ory . 
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Expected Results 

If the Freeze Calibrate Attenuator commands (either pi imuy or secondary) are sent, the MSB of 
the appropriate calibrate attenuator setting (Piimary Attenuator setting for a Freeze Primary Channel 
Attenuator command, etc.) in the science data frame will be 1, to indicate that that attenuator setting 
is frozen. If the Freeze Calibrate Attenualor commands are sent while the altimeter is in Standby 
or Cal-11 modes, they will have no effect on the altimeter operations. 11' the altimeter is 
commanded to Calibrate after the commands are sent, or if it is in the Cal-I mode when the 
commands are sent, then the affected attenuator setting will not change as long as the attenuator 
setting is frozen. Cal-I mode will not terminate while either attentuator setting is frozen. 

The Piimary and Secondary cliannel attenuator settings are independent; one or both may be 
frozen, and the settings at which they are li-ozen may be different. 11 only one is frozen, the other 
will continue to increment to the maximuin attenuation, and then will roll-over to the minimum 
attenuation. 

When the Unfreeze Calibrate Attenuator commands arc sent, the frozen attenuator will begin 
incrementing where it left off. The MSB ol' the attenuator setting in the science data frame will be 
0, to indicate that the setting is not frozen. Note that both attenuator settings must reach their 
maximum value at the same time before Cal-I will terminate. Either the settings must be unfrozen 
carefully, so that both attenuators are at the same setting. or the ATA must be commanded to 
Standby to terminate Cal-I. 
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FREEZE TRACK 

Freeze Track is a subset of Track mode. It freezes the height sent to the synchronizer at the value 
it had when the Freeze Track command was execuled. This height will not change, no matter 
what the height error and height rate are. The altimeter will not reacquire, even if the signal is 
completely lost. 

Method 

To tun Freeze Track On, send the I'ollowing coininand(s): 

Command Type Command Code C o ni in and Desc r i p t i o n 

ICA 

ATA 
ICA 

xxxo 1*** 01 10 *o** 

OOOO 000 1 000 1 00 I O  xxxo I*** 0 1  11 *o** 

Single-word command mode; unwiite- 
protect the test mode control RAM. 
Freeze Track On. 
Wiite-protect mcmory. 

To turn Freeze Track Off, send the following command(s): 

Command Type Command Code C o m m a n d Description 

ICA 

ATA 
ICA 

xxxo 1*** 01 10 *o** 
0000 0000 000 1 00 10 xxxo 1*** 01 11 *o** 

Single-word corninand mode; unwtite-protect 
the test mode control RAM. 
Freeze Track Off. 
W ii te-pro tec t rn em or y . 

I Expected Results 

When the Freeze Track 011 command sciics is sen[, thc LSB of 1hc Tesl Modc BYLC in the science 
data frame will be 1, to indicate that Frecze Track is on. If the altirneter is i n  Standby, Coarse 
Acquisition, or Fine Acquisition mode whcn the Freeze Track On command series is sent, there 
will be no effect on the altimeter operations. If thc altirncter enters Coarse or Fine Tracking after 
the command series is sent, or is in Coarse or Fine Tracking whcn the command seiies is sent, 
then the height be will frozen at its current value. 

When the Freeze Track Off command seiies is sent, the LSB ol' the Tesl Mode Byte. i n  the science 
data frame will be 0, to indicate that Freeze Track is oCf. If the altimeer is in Coarse or Fine 
Tracking when the command seiies is sent, the altimeter will attempt LO track. If the signal Ius 
moved too far from the frozen height, a noi.tna1 acqiiisiLion sequence may begin. 
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COAST TRACK 

Coast Track is a subset of Track mode. It updates tlie height sent to the synchronizer by the height 
rate; using the values it had for height and height rate when the Coast Track corninand was 
executed. The tracker will not update the height and height rate, no matter how large the height 
error is. The altimeter will not reacquire, even if the signal is completcly lost. 

Method 

To turn Coast Track On, send the following coinmund(s): 

Command Type Command Code C o 111 m r? nd D esc ri p t i o n 

ICA 

ATA 
ICA 

xxxo l*** 01 10 *o** 
0000 0001 000 1 00 1 1 
xxxo 1*** 01 11 *o** 

Single-word coininand mode; unwiite- 
protect the lest inode control RAM. 
Coast Track On. 
W i i  te- p ro tcc t m cin ory . 

To turn Coast Track Off, send the following command(s): 

Command Type Command Code C o ni ilia nd D esc r i p t io n 

ICA 

ATA 
ICA 

xxxo 1*** 0 1  1 0  *o** 
0000 0000 000 1 00 1 1 
xxxo 1*** 01 11 *o** 

Single-word command mode; unwiite-protect 
the test modc control R A M .  
Freeze Track OCC. 
W i i  te- pro tec t in em 01-y . 

Expected Results 

After the Coast Track On command seiies is sent, the LSB+l of the Test Mode Byte in the science 
data frame will be 1, to indicate that Coast Track is on. If the altimeter is in Standby, Coarse 
Acquisition, or Fine Acquisition mode when the Coast Trick On command seiics is sent, there will 
be no effect on the altimeter operations. IC the altimeter enters Coarse or Fine Tracking after the 
command series is sent, or is in Coarse or Fine Trxking when thc command seiies is sent, then 
the height will change only by the height rate. 

When the Coast Track Off command seiies is sent, the LSB of thc Tcst Mode Byte in the science 
data frame will be 0, to indicate that Coast Track is off. IC the altimeter is in Coarse or Fine 
Tracking when the command seiies is sent, the altimeter will attempt to track. If the signal has 
moved too far from the frozen height, a normal acquisition scquence may begin. 
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THRESHOLD ONLY 

Threshold Only is a subset of Track mode. It prevents the Iligh~ sdtware from using the EML 
method of tracking while in fine tracking. 

Method 

To turn Threshold Only On, send the following command(s): 

Command Type Command Code Command Description 

ICA 

ATA 
ICA 

xxx0 1*** 0 1  10 *O*" 

0000 000 1 000 1 0 100 
xxx0 1*** 01 11 *o** 

Single-word command mode; unwiite- 
protect thc LCSL modc control RAM. 
Threshold Only On. 
W iite- pro tec t m cm ory . 

To turn Threshold Only Off, send  he following command(s): 

Command Type Command Code Command Description 

ICA 

ATA 
ICA 

xxx0 1*** 0 1  10 *o** 
0000 0000 000 1 0 1 O() xxx0 I*** 01 11 *o** 

Single-word command mode; unwiite-protect 
the test mode control RAM. 
Threshold Only OK. 
W i i  te- p ro tec t memory . 

Expected Results 

After the Threshold Only On command seiies is sent, 1 l x  LSB+2 of thc Test Mode Byle in the 
science data frame will be 1, to indicate that Threshold Only is on. IT the altimekr is in Standby, 
Coarse Acquisition, Fine Acquisition, or Coarse Tracking mode when the Threshold Only On 
command series is sent, there will be no effect on the altimeter opcrations. If the altimeter enters 
Fine Tracking after the command series is sent or is i n  Fine Tracking when the corninands are sent,  
then the threshold tracking method will be used, no matter how good the track quality is. 

When the Threshold Only Off corninand series is sent, the LSB ol' the Test Mode Byte in the 
science data frame will be 0, to indicate that EML Only is off. If the altimeter is in Fine Tracking 
when the command series is sent, tlie noimal criteria will be used to determine whether threshold 
or EML tracking is used. 
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EML ONLY 

EML Only is a subset of Track mode. It  prevents the Llight software from using the threslmld 
method of tracking while in h e  tracking. 

Method 

To turn EML Only On, send the following command(s): 

Command Type Command Code Command Description 

ICA 

ATA 
ICA 

x x x 0  1*** 01 10  *o** 
0000 000 1 000 1 0 I O  1 
xxxo l*** 0 1  1 1  *o** 

Single-word coininand mode; unwiite-protect 
the test inode control RAM.  
EML Only On. 
W i i  te- p ro tec t in cin ( )r y . 

To turn EML Only Off, send the following command(s): 

Command Type Command Code Corn inand Description 

ICA 

ATA 
ICA 

xxxo I*** 01  10  *0** 

0000 0000 0001 010 1 
xxxo I*** 01 11 *O"* 

Single-word corninand mode; unwiite-protect 
the test inode control RAM. 
EML Only Off. 
W i i  te- pro tcc t inein ory. 

Expected Results 

After the EML Only 011 corninand seiies is sent, the LSB+3 of the Test Mode Byte in the science 
data frame will be 1, to indicate that EML Only is on. If the alLitncter is in Standby, Coarse 
Acquisition, Fine Acquisition, or Coarse Tracking inode when the EML Only On command series 
is sent, there will be no effect on the altimeter opcrations. If the altimeter enters Fine Tracking 
after the command series is sent or is in Fine Tracking when the commands are sent, then the EML 
tracking method will be used, no matter how bad the track quality is. ICtlic track quality becomes 
bad enough, the normal reacquisition sequence will take place. 

When the EML Only Off command series is sent, the LSB+3 01' the Test Mode Byte in the science 
data frame will be 0, to indicate that EML Only is oCC. If the altimeter is in Fine Tracking when the 
command seiies is sent, the nonnal criteria will be used to determine whctlier threshold or EML 
tracking is used. 

It is possible to turn on both the Threshold Only and EML Only icst inodes at the same t h e .  In 
this case, Threshold Only takes precedence. This condition is not considered an error. 
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COARSE TRACK ONLY 

Coarse Track Only is a subset of Track mode. It prevents the Ilight softwarc li-om using the high 
resolution while tracking. 

Method 

To turn Coarse Track Only On, send the following command(s): 

I Command Type Command Code Command Description 

ICA Single- w oi-d c om inand in ode; u nwii te-protec t 
the test inode control RAM. 

ATA 0000 ooo1 0001 0 1  10 Coarse Track Only On. 
ICA W i i  te- pro tec t in e m  ory . 

To turn Coarse Track Only Off, send the following command(s): 

Command Type Command Code Command De sc ri p t i on 

ICA Single- word coin in and inode ; u n wii te-pro tec t 
the test mode control RAM. 

ATA Coarse Track Only Off. 
ICA W i i  tc- p ro tec t me in ory . 

xxxo I*** 0 1  10 *o** 

xxxo 1*** 01 11 *o** 

i 
xxxo 1*** 01 I O  *o** 

0000 0000 000 1 o I 10 xxxo 1*** 01 11 "0"" 

Expected Results 

After the Coarse Track Only On command seiies is sent, the MSB-3 of the Test Mode Byte in the 
science data frame will be 1, to indicate that Coarse Track Only is on. Since the ATA must be in 
Standby when the Coarse Track Only On command seiies is sent, there will be no effect on the 
altimeter operations. If the altimeter enters Coarse Tracking after the command seiics is sent, then 
the ATA will not go to fine tracking, no matter how good [lie track quality is. IT the signal is lost, 
the normal reacquisition sequence will lake place. 

When the Coarse Track Only Off command seiies is scnt, the MSB-3 01' thc Tcst-Mode Byte in the 
I science data frame will be 0, to indicate [hat Coarse Track Only is OK. 
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FINE TRACK ONLY 

Fine Track Only is a subset of T r x k  mode. It prevents the Ilight software from using low 
resolution while racking. 

To turn Fine Track Only Off, send the following command(s): 

Command Type Command Code Comniand Description 

ICA 

ATA 
ICA 

xxxo 1*** 0 1  10 *o** 
00000000000l0111 Fine Truck Only OK 
xxxo 1*** 0 1  11 "** 

Single-word coni mand mode; unwiite-protect 
the test mode control RAM. 

Write-protect memory. 

Expected Results 

After the Fine Track Only On command seiies is sent, the MSB-2 of the Test Mode Byte in the 
science data frame will be 1, to indicate that Fine Track Only is on. Since the altimeter must be in 
Standby when the Fine Track Only On command seiies is sent, there will be no effect on the 
altimeter operations. If the altimeter enters Fine Tracking after the comtnand seiies is sent, then 
the ATA will not go to coarse tracking, no matter how bad the track quality is. IC the signal is 
completely lost, the noimal reacquisition sequence will take place. 

When the Fine Only Off command series is sent, the MSB-2 ol' the Test Mode Byte in the science 
data frame will be 0, to indicate that Fine Track Only is ol'L 

Note that it is possible to send both the Coarse Track Only and the Fine Track Only commands 
while the altimeter is in Standby. In that casc, the Coarse Truck Only command will take 
precedence. This condition is not considcred an en'or. 
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RESET TEST MODES 

The Reset Test Modes are four modes which causes various types of watchdog timer errors, plus 
one mode in which the processor requests its own reset. Their purpose is to test the watchdog 
timer and reset hardware. 

Method 

To perform one of the Reset Tests, send the following commmd(s): 

Command Type Command Code Co m 111 and Desc ri p ti on 

ICA 

ATA 

ATA 

XXXl I*** 0 1  1 1  1 0 1  1 

0101 0000 0000 001 0 

0 10 1 0000 0000 ( )OO 1 

0 10 1 0000 0000 0 1 O( 1 

0 10 1 0000 0000 O( 1 1 1 

0 10 I 0000 0000 0 1 0  1 

Single-word command mode; enable enor 
resets; enablc rcsct tcs t corn mands. 
Send an c x ~ r a  watchdog burst resct. 

Skip a watchdog bLmt rcsct. 

Send an e x ~ r a  watchdog track reset. 

Skip a watchdog track reset. 

Request il reset. 

or 

Or 

or 

or 
ATA 

ATA 

Expected Results 

After the any one of the reset test commands are set, the processor will be reset by the ICA. The 
type of reset processing performed by tlie processor will depend on the setting 01 the Reset Type 
bits in the last ICA Command word sent. 
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APPENDLX C 

ANCILLARY 

ALTIMETER OPERATIONS 

CHANGING THE OPERATING STATE .......................................................... C-2 

CHANGING THE PRIMARY CHANNEL ........................................................ C-3 

SETTING THE HIGH-RATE WAVEFORMS BANDWIDTH ASSIGNMENT .............. C-4 

CHANGING THE C-BAND BANDWIDTH ...................................................... C-5 

TURNING ON AND OFF THE KU-BAND CHANNEL ........................................ C-6 

TURNING ON AND OFFTHE C-BAND CHANNEL .......................................... C-7 

CHANGING THE PARAMETER SET ............................................................. C-8 

LOADING A NEW PARAMETER SET ............................................................ C-9 

CHANGING THE MEMORY DUMP LIMITS .................................................... C- 10 

REPROGRAMMING ................................................................................. C-11 

Note: Bits that should reetain their lust coininanded value are given as "*" in the command codes in 
this appendix. An "x" in a bit location denotes that, [or  hat particular command. the assigned bit 
value does not matter. Bits that depend oii the particular instance are givcn as "#". 

TOPEX NASA ALTIMETER OPERATIONS PROCEDURE 
G S FCNal1 ops F1 i g h t Fac i 1 i ty September 1992 

c- 1 



CHANGING THE OPERATING STATE 

The performance of the major operating modes and the tesl inodes can be affccted by changing the 
operating state, such as the C channel bandwidth, or the primary channel assignment. The 
operating state is commanded independently froin the operating mode. For example, the setting of 
the channel bandwidth does not change when the altimeter is commanded from Track to Stiindby or 
Calibrate. 

The operating state (eg., the C channel bandwidth, the primary channel assignment, etc.) is saved 
in write-protected RAM, and all assignments commanded piior to an e i ~ o r  or ground reset will b e  
in effect after the error reset. However, the part of RAM containing the operating state control 
variable must be unwrite-protected prior to clianging the operating state. 
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CHANGING THE PRIMARY CHANNEL 

The ATA can operate with either the Ku channel piirnary / C channel secondary, or vice versa. 
The altimeter uses only the piimaiy channel data for acquisition. The height and height rate are 
derived from the primary channel; all decisions on "signal found" during acquisition, signal quality 
and "signal lost" during tracking, are made using piimary channel data. Only the secondaiy height 
difference is deiived from secondary channel data. Although all the piimary channel functions 
may be derived from the C channel, the secondary height tracking algorithms will not fitnction with 
C primary and Ku secondary; if C is made the piimary channel, it is besl to turn oft' the K u  
channel. 

Note that it is absolutely necessary for coi-rect operation of the tlight software that a primary 
channel be selected after entering Standby mode following a Power-on resct. 

Method 

To change the primary channel assignment to KLI, send the following cornmand(s): 

Command Type Command Code Command Description 

ICA 

ATA 
ICA 

xxxo 1* * * 0 1 10 *O" " 
0000 000 1 00 lo  000 1 xxxo 1*** 01 11 *o** 

Sing le- w o rd coin inand mode ; 11 t i  wri te- 
protect the control variable RAM. 
Primary Channel Ku 
W i i  te-pro tec t in ern ory . 

To change the piimary channel assignment to C, send the following command(s): 

Command Type Command Code C o ni man d Desc r i p t i o n 

ICA 

ATA 
ICA 

xxxo 1*** 01 10 "0"" 

0000 0000 00 10 000 1 xxxo 1*** 01  11 "0"" 

Singlc- w ord coin in and mode; u n w i i  te-protec t 
the control variablc RAM. 
Primary Channel C 
W rite-prom1 mcmory. 

Expected Results 

The LSB-1 of the Operation Mode Byte will be 0, after sending a coininand series to change the 
primary channel to Ku. Further, all telemetry slots assigned to the piimary channel will be filled 
with data derived from the Ku signal. 

The LSB-1 of the Operation Mode Byte will be 1, after sending a command sciies LO change the 
primary channel to C. Further, all telemetry slots assigned to the primary channel will be filled 
with data derived from the C signal. 
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SETTING THE HIGH-RATE WAVEFORMS BANDWIDTH ASSIGNMENT 

In the science telemetry stream, slots are reserved for ten 64-byte wavefoiins from m e  channel 
(called the high-rate waveform slots) and five @-byte wavefoiins from the other channel (the low-  
rate waveform slots). The channel (Ku or C) assigned to the high-rate slots can be  selected by 
command. 

Method 

To change the high-rate wavefoim slots channel assignment to Ku,  send the following 
command(s): 

Command Type Command Code Command Description 

ICA xxx0 1*** 01 10 *o** Singlc-word coininand mode; unwiite- 

ATA 
ICA 

To change the high rate waveform slots chaiiiiel assignment to C, send the following command(s): 

Command Type Command Code 

ICA xxxo 1*** 01 10 *o** Single-word cominand mode; unwiite-protect 

ATA 
ICA xxxx*** 01 11 *o** Wiite-protect memory. 

protect thc control variable RAM.  
High-Rate Channel Ku 
W i i  te- pro tec t in em or y . 

0000 000 1 00 1 0 0 10 1 
xxxo 1*** 01 11 *o** 

Command Description 

the control variable RAM. 
High-Rate Channel C 0000 0000 00 10 0 10 1 

Expected Results 

In the next complete science data frame after a High-Rale C Wavclorms command i s  sent, the MSB 
of the Current Mode byte will be set to indicate that the ciin'ent High-ratdow-rate assignment is 
C/Ku. The MSB of the Scaling/Mode Byte for the high-rate waveform will be set, to indicate that 
the high-rate waveform slots a-e now filled with C band waveforms; 1he MSB of the Scaling/Mode 
Byte for the low-rate wavefoiins will be set, to indicate that the low-rate waveform slots are filled 
with Ku waveforms. 

In the next complete science data frame after a High-Rate Ku Wavefoiins command is sent, the 
MSB of the Current Mode byte will be clear to indicate that the current High-ratelLow-rate 
assignment is KdC. The MSB of the Scaling/Mode Byte for the high-rate waveform will be 
clear, to indicate that the high-rate wavelorin slots are now filled with K L ~  band waveforms; the 
MSB of the Scaling/Mode Byte for the low-rate wavcforms will he clear, to indicate that the low- 
rate waveform slots are filled with C waveforms. 
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CHANGING THE C-BAND BANDWIDTH 

The C channel can operate in either of two bandwidths: 320 MHz or 100 MHz. The C-channel 
bandwidth is selectable by command. 

Method 

To select the 320-MHz bandwidth for the C channel, send the following commands: 

Command Type Command Code C o 111 ma 11 d Desc ri 1) ti o 11 

ICA 

ATA 
ICA 

xxxo 1*** 01 10 *O*” 

0000 0000 00 10 1000 
xxxo 1*** 01 11 *o** 

Single-word coin rnand mode; unwrite- 
protect the control variable RAM. 
C bandwidth-320 MHz 
W i i  te- pro tec t rncm ory . 

To select the 100-MHz bandwidth for the C channel, send tlic following commands: 

Command Type Command Code C o m ni a n d Desc r i p t i o n 

ICA 

ATA 
ICA 

xxxo 1*** 0 1  1 0  * 0 * 4 =  

0000 000 1 00 10 1000 
xxxo 1*** 0 1  1 1  *o** 

Single-word coininand mode; unwiite- 
protcct the control variable RAM. 
C bandwidth - 100 MHz 
W ri tc-pro tec t incmory. 

Expected Resu! ts 

In the next complete science data frame after a C bandwidth-320-MHz command is sent. the 
synchronizer mode bit C BU Limit will be clear. 

In the next complete science data frame after a C bandwidth-lo()-MHz command is sent, the 
synchronizer mode bit C BU Limit will be set. 
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TURNING ON AND OFF THE KU-BAND CHANNEL 

The Ku-band channel may be turned on and off by command. 

Method 

To select turn the Ku-band channel On, send the following commands: 

Command Type Command Code Coininand Description 

ICA xxx0 1*** 01 10 *()":': Single-word command mode; unwiite- 

ATA 
ICA XXXO 1*** 01 11 *I)** Write-protect mcmory. 

To select turn the Ku-band channel Off, send the following commands: 

Command Type Command Code Command Description 

ICA xxxo 1*** 01 10 *o** Single-word coin mand mode; unwiite- 

ATA 0C)oo 0000 0010 00 10 Ku band 011' 
ICA 

protect the control vluiabie RAM. 
K L ~  band On 0000 000 1 00 10 00 1 (1 

protect the control variable RAM. 

W i i  te- p ro tec t m em oiy . xxxo 1*** 01 11 '0'' 

Expected Results 

In the next complete science data frame after a Ku-band On coininand is sent, the synchronizer 
mode bit Ku TWTIN Enable will be set, to indicate that the Kit channcl is On. 

In the next complete science data frame after a Ku-band 01'1'cornmand is scnt, the synchronizer 
mode bit Ku TWTIN Enable will be clear, to indicate that the Ku channel is OlT. Note that if Ku 
is the primary channel and Ku is turned Off, tracking and acquisition are impossible. 
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TURNING ON AND OFF THE C-BAND CHANNEL 

The C-band channel may be turned on and off by command. 

Method 

To select turn the C-band channel On, send the following commands: 

Command Type Command Code Command Description 

ICA 

ATA 
ICA 

XXX0 I*** ( ) I  I() *(I** 

0000 000 1 00 I O  O( 1 I 1 
xxxo 1*** 0 1  11 *o** 

Sing le- word coin in a nd in ode ; u n w ii te- 
protect thc control vatiahle RAM. 
C band On 
W i i  te- pro tec t in em ory . 

To select turn the C-band channel Off, send the following commands: 

Command Type Command Code Command Description 

ICA 

ATA 
ICA 

xxxo 1*** 01 10 * O f *  

0000 0000 00 10 00 1 1 
xxxo 1*** 01 11 *o*** 

Single-word coininand mode; iinwrite-protect 
the control variablc RAM. 
C band Ol'f 
W i i  te- pro tec t mctn ory . 

Expected Results 

In the next complete science data frame after a C-band On command is sent, the synchi*onizer m o d e  
bit C AMPIN Enable will be set, to indicate that the C channel is on. 

In the next complete science data frame after a C-band Off command is scnt, the synchronizer 
mode bit C AMPIN Enable will be clear, to indicate thal thc C chatitiel is off. Notc that i fC  is the 
primary channel and C is turned off, tracking and acquisition are impossible. 
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CHANGING THE PARAMETER S E T  

There are four complete sets of parameters selectable by command. Parameter sets 1,2 ,  and 3 are 
burned into PROM. Parameter set 4 is programmable from the ground and is located in wiite- 
protected RAM. The actual parameters in use by the flight software are called the working 
parameter set, which is also located in write-protected RAM. To change the parameter set used by 
the flight software, the part of RAM containing the working parameter set must be  unwrite- 
protected, and the selected set must be copied into the working set. 

Method 

To select a new parameter set, send the following commands: 

Command Type Command Code Comniand Description 

ICA xxxo 1*** 01 10 *o** Single-word command mode; unwrile- 
protect thc working parameter set RAM. 

Send one of the following commands: 

ATA 
ATA 

000 1 0000 00 1 1 000 1 
000 1 0000 00 1 1 00 1 0 

Select Parameter Set 1 
Selcct Parameter Set 2 

Command Type Command Code C o in in a n d Desc ri p t i o n 

ATA 
ATA 

000 1 0000 00 1 1 00 1 1 
0001 0000 001 1 0100 

Select Parameter Set 3 
Select Parameter Set 4 

Wait at least two telemetry intervals, then send this command: 

ICA xxxo l*** 01 11 *o** W i i  te - p ro tec t in ern ory . I 

Expected Results 

After this command is executed, bits 2 and 3 o l  the Operation Modc Byte in the science telemetry 
will be coded to indicate the parameter set in use. Some efl’ect on the altimetcr operations is to be  
expected, based on what parameters were changed, and how they were changed. 
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LOADING A NEW PARAMETER S E T  

New values may be loaded into the User Programmable set from the ground by following the 
procedures given in this paragraph. Note that new values loaded into the User Programmable set 
will not be used by the processor (even if the User Programmable set is the currently selected 
parameter set) until a new Palm Set 4 command is executed. 

If any new parameters are desired, the entire parameter set must be uploaded; i t  is not possible to 
upload selected portions of the parameter set. 

Method 

A new User Programmable set of parameters can be uploaded to the Llight pi-ocessor by sending 
the following sequence of commands: 

Command Type Command Code Command Description 

ICA 
ATA 
ATA 
ATA 
ATA 

ICA 

ATA 

xxxo 0*** 0 1  11  *o** 
0110 0110 0000 0000 
#####Hi######### 
############### 
### #### #### ### 

xxxo 1*** 0 1  1 0  *O*": 

Change coininand mode to multi-word; 
Paramew load identifier. 
Values for parameters in Table  16 order. 
Value for last parameter in Table 16. 
Checksum for parameter load, including 
Parameter Load identitier. 
Change coininand mode to single-word; 
Unwiite-protect RAM with User 
Programma hlc set; 
Exec ii  te c o in m an d b u f fe r . 0001 0000 001 1 0000 

Command Type Command Code Command Description 

Delay at least two telemetry 
intervals 

ICA 

Give the Llight processor lime to copy the 
command buffer to the User Programmable 
set. 
Write-protect RAM with User Programmable 
set. 

xxxo 1*** 0 1  1 1  "0"" 

Expected Results 

If sufficient time is allowed between the transmission of Lhe checksum and the lraiisrnission of the 
ICA command returning the processor to single-word command mode, the parameter load should 
be echoed in the command echo slots of the engineering tFlemetry stream. Otherwise, this 
command has no effect on the altimeter operations. 
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CHANGING THE MEMORY DUMP LIMITS 

In each frame of engineeiing data, the ilight processor dumps 32 bytes of processor memory. 
Following a power-on reset, the range of memory addresses dumped is initialized to the command 
buffer location. This range may be changed, so that any portion of memory can be dumped, by 
uploading a new memory dump address range. 

Method 

The memory dump address range is changed by executing the I'ollowing sequence oC commands: 

Command Type 

ICA 
ATA 
ATA 
ATA 
ATA 

ICA 

ATA 

Command Type 

Command Bits 

xxxo o*** 01 11 *o** 
0 1 10 0000 00 1 1 OOO( 1 
###### #### #### #### 
##### #### #### #### 
#### ##### #### ### 

xxxo 1*** 01 10 *o** 

0001 0000 001 1 0000 

Delay at least 2 telemetry 
intervals 

Command Bits 

ICA xxxo I*** 01 11 *o** 

Co m m a n d Desc r i 1) ti o 11 

Change coininand mode to multi-word; 
Memory Dump Command Identifier. 
Dump start addrcss. 
Dump stop address. 
Checksum for dump addresses, including 
Dump Command identifier. 
Change command mode to single-word; 
iinwii te-pro tec t RAM wi tli dump address 
range. 
Exec u te c om in and b u f le I.. 

Command Description 

Give thc Ilight prwessor time to copy the 
command buffer to the dump address 
1 oca ti on. 

Write-protect RAM with dump address 
range. 

Expected Results 

Although the s t a t  and stop address for the memory dump is changcd immediately following this 
sequence of commands, the memory dump bytes containcd i n  the cui~ent cngineciiiig daka frame 
(ie., the current spacecraft major frame) are somewhat unpredickahlc. If the address currently 
being dumped is less than the new stop address, the dump will continue at the cun'ent address until  
the start of the next engineering data (spacecral'l ma-jor) frame. 11' the cunent address is (or 
becomes during the cument engineeiing data frame) greater than the new stop address, the dump 
will continue from the new start address. In any case, at the start o f  the next engineering data 
frame, the dump will begin at the new start address. The address bytes of the memory dump wi l l  
be equal to the new start address. 

Note that the start address must be smaller than the stop address, or the start address will be 
dumped over and over. 
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REPROGRAMMING 

The reprogramming feature of the flight software allows any portion of RAM to be written with 
uploaded data. Obviously, this is a very powerful tool and therefore its use must  be very carefully 
thought out. 

If desired, an entirely new program may be uploaded to the 32K of on-board RAM. Also, the 
design of the launch flight program incorporates features making the reprogramming of individual 
modules possible. Paragraph 6.0 of this document, the llight sol'tware detailed design 
documentation, and the flight software code should all be studied carefully before attempting to 
write a new flight program, or rewrite segments of the launch software. 

The process of reprogramming can be summarized as follows: the processor is placed in reprogram 
mode by sending a "reprogram reset." RAM is unwrite-protected. Then, through a command 
only valid in reprogram mode, the address of the command bufler is changed to the location in 
RAM to be loaded with the new program. A multi-word command, consisting of die new 
program, is uploaded. As with other multi-word commands, the new program is  placed in the 
''command buffer"; that is, the location in RAM pointed to by the new command buffer address. 
After the entire new program or segment has been loaded, some additional commands are needed 
to cause the new code to be executed. 

Although a new program (or segment) has been loaded, Lhe old launch program is still in control. 
To cause the old program to execute the new code, at ;I minimum, the start address of the new code  
must be placed in a special address table. Other measures may he necessary; paragraph 6.0 
describes the means for causing new code to be executed. For the purposes of this summary, we 
will assume that at least the start address of the new code rnust be loaded into R A M .  A second 
reprogram reset moves the command buffer back to its original location (since the code in PROM 
initializes it). Again the command buffer address is changed, this time to the special RAM location 
where the code start address must be placed. Another multi-word command is used to write the 
start address in this special location. 

If needed, this sequence of reprogram resets, coininand buli'cr address changes, and multi-word 
commands can be used to write new code, addresscs, variables, etc. to any nurn ber of locations in 
RAM. When RAM is completely set up so that the new program or program segment is installed 
(per paragraph 6, the detailed design documentation, and the flight code itself), then a "ground" 
reset is commanded. If the address tables, etc., have been properly set LIP by the preceding 
commands, the new code will be executed whcn called (immcdiatcly, in ~ h c  case of a complete 
new program). 

There is one important difference between normal mu1 ti-word commands, and pi-ogram segment 
uploads: program segment uploads should not be followed by a checksum. Particularly when 
uploading new addresses to tables, etc., the checksum coiild oveiwii te important data which 
should be preserved. The checksum is not useful in any case, since the checksum comparison is 
performed in the "execute" phase of noimal multi-word command cxccution, and thcre is no 
comparison made during program segment uploads. 

Two caveats must be noted. First, as the previous discussion implies, there are certain locations 
in RAM which are used by the launch program during a reprogram attempt-for example, the 
original location of the command buffer, and the original address tables-and therefore these 
locations should not be overwritten with new code. Second, a Power-on reset causes the old 
program in PROM to be reinstated. 
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Method 

New programs may be uploaded to the flight processor using the following sequence of 
commands: 

Command Type Command Code Command Description 

ICA xxxo 1 * 10 01 1 I 0101 

ICA xxxo 0" IO 0000 000 1 

ATA 
ATA 

0 1 10 000 1 1000 000( 1 
#### #### ###### #### 

ATA #### #### #### ##### 

ICA 
ATA 
Delay at least 2 telemetry 
intervals 

xxxo 1 * 10 0000 000 1 
0001 0000 001 1 0101 

Set command inode to single word; 
Turn off error resets; 
Tun1 on auto reset (causes reset); 
Set reset type to "Reprogram" 
Set coininand inode to multi-word; 
Tuin off auto reset; 
Unwrite-pro tec t inein ory . 
Move Command Buffer identifier. 
New coininand buffer address-program load 
will begin at this address. 
Checksum. including Move Command 
Buffer idcntilier. 
Set the command mode to single word. 
Relocate command buflcr. 
Givc the llight processor time to change the 
command buffcr to the new location. 
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